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(Ginger) Trans. Linn. SOC.VIII (1807) 348-Plate - 944 is 
^iabil: Brazil : Manearatia: Zingiber. Burma : lay finsslng; 


named variously as in Arabic 
Canarese 
Catalan 


Cantonese 


ibra: Chinese 


iane: Danish 


Deccan ; Ala; Dutch 
in: French : Gineemb 


Fanti 


Fulah 


German : In ewer: Mansa 


Hungarian 


Ilocans 


Baseng : Italian 
Kyerepon : Ab 


Frobo 


2; Malay : Alea. Baring. Haliabera : Malaya 
North West Provinces : Ada : Norway : Ing 
jengibre. Geneivre. Gingibre: Romanian : G 


Malinke 


Persian 


: Shangabir. Zaniebil : Protugese 
Russian : Imbir: Sinhalese: Ingui 


Tagalog: Luya : Tulu 
la. Sunthi: Zambales 


Twi : Akekaduru. Kakaduru. Kekeduru: Uriya 
Pan gas: Assam : Ada: Bengal : Ada. Bombay :A 


Plant is herbaceous, rhizomatous, perennial, reaching upto 90 cm in height under 
cultivation,. Rhizomes are aromatic thick lobbed, pale yellowish differing in shape and size 
according to their cultivated varieties,. The herb develops several lateral shoots in clumps 
which begin to dry when the plant matures. 

Leaves are narrow, distichous, sub-sessile, linear-lanceolate when fully developed 
measuring 17.0 cm x 1.8 cm in size dark green, gradually tapering to form a slender tip, 
flowers in spikes greenish yellow with a small dark purple or purpish black tip. Stamens 
dark purple, rather stouter than the corolla. 

Ginger has been under cultivation in India from times immemorial.Cultivation of ginger 
in India has been worked out by Nair (1969)Panlose (1972,1973) Muralidharan (1973) and 





it has also been established that ginger is of great economic value and a cash crop Panlose 
(1971).The plant does not occur in wild state. Several commercial types are recognised in 
cultivation. They are generally named after the localities where they are grown as mentioned 
earlier. 

Ginger is grown both as a pure crop and as an intercrop. It may be grown in rotation 
with rice, gingelly, Samai (Panicurr^. piliarel etc. If irrigation facilities are available, ginger 
may be rotated with vegetables, groundnut, ragi and maize. 

Ginger requires a warm and humid climate. The plant thrives well from the sea level 
upto an altitude of 1,500 m in the Himalayas, the optimum elevation being between 300 m 
and 900 m. A well distributed rainfall ( 150 - 300 cm) during the growing season and dry 
spells during land preparation as well as before harvesting are required for large scale 
cultivation of the crop. Cold climate during the resting period does not affect the crop. It 
can be grown in a wide range of well drained soils of at least 30 cm. depth, heavy laterite 
loam soil of Anantpur District (Andhra Pradesh), red laterite of Kottayam and Malabar 
regions and clayey loam of Wynaud District in Kerela are found suitable for the crop, it also 
grows well in rich black and clayey soils under irrigation in Baruasagar at Jhansi district, 
Karnataka, Maharashtra and Andhra Pradesh. According to Mudaliar; Gupta(1926, 73) , 
Kannan and Nair (1965 ) in Wealth of India, the crop prefers light shade for good growth 
but shade is not absolutely necessary. 

In Baruasagar the crop is grown as an irrigated crop and planting is done in March. 
The crop is harvested in stages depending upon the prevailing demand. The crop becomes 
ready for harvesting from the fifth month after sowing. Shriveling, yellowing and withering 
of the leaves accompanied by drying and lodging of the aerial stems, indicate maturity. The 
crop is harvested about seven months after planting in December - January in South India 
raised from April - May sowing, and in September-November in Baruasagar and East India 
raised from March sowing. The rhizomes for seeds are allowed to remain unearthed and are 
lifted 60 days later. The crop for the production of dry ginger may be harvested later but 
not beyond 260 days after planting according to Panlose (1972) as further delay not only 

increases the fiber but also decreases the percentage of volatile oil. 

For cultivation raised beds 3 m x 1 m, are laid out at a distance of 30-45 cm from each 
other, small shallow pits for planting are then made on the beds at a spacing of 15 or 20 cm 
X 22 cm. The beds are smaller in sloppy areas. A handful of cattle manure is applied to each 
of these pits. The optimum spacing for planting of ginger is 25 - 45 cm, between the rows 
and 15-20 cm between the plants in a row. The seed rhizome should be 20-30 gm in weight 



with atleast two sprouted eye buds. It is placed 3.5-5.0 cm deep in the pits and the soil is 
pressed over it, this is followed by light irrigation. Mulching these beds twice with green 
manure is an important part of cultivation. 

Ginger is an exhausting crop and requires heavy manuring. Well rotten cattle manure 
or compost at the rate of 25-30 tones per hectare is applied at the time of planting . Mulching 
the bed is very important,. First mulch conserves water and helps rhizomes in germination. 

The quantity of inorganic fertilizers depends upon the fertility of the soil and the amount 
of organic manure applied to the crop. Ready made fertilizers for the crop are available in 
the market under the name “Ginger Mixture”, consisting of N, P & K in the ratio of 1:1:2 
respectively. About 750 kg of the mixture is applied per hectare, one and a half as a basal 
dressing and the other half 2 months after planting. 

The composition of ginger varies according to the type and the agro climatic conditions 
under which it is grown. According to the analysis made by Sen Gupta & Rai (1971) in 
Nutritive Value of India foods, a bazar sample of green ginger gave the following values: 
moisture- 80.9, protein-2.3, fat - 0.9, fiber - 2.4, carbohydrates - 12.3, and minerals -1.2%, 
Ca-20, P-60, and Fe 2.6 mg/100 gm. Ginger contain s traces of Iodine and Fluorine ( 1-0.82 
ppm and F-2.0 ppm in one sample). 

The vitamins present in green ginger are : Thiamine-0.06, Riboflavin - 0.03, Niacin - 
0.60; and vitamin C - 6.0 mg/100 gm. The value reported for caroteine in the fresh rhizome 
is 40 mg/lOOg. 

The studies of Connell & Mclachian 1972, Rao 1956 & Parry concluded that Ginger 
contains small quantities of glucose, fructose and sucrose; raffinose is probably present in 
traces. The principal carbohydrate of the rhizome is starch. Besides starch, rhizome are 
reported to contain pentosan. According to the studies of Srivastava, 1962-63 & Rao 1966 
Ginger contains 1.60 - 2.44 % nitrogen on dry basis, of which non protein nitrogen accounts 
for roughly one third. Extraction of the freeze dried and powdered rhizome by the 
conventional protein solvent showed that Albumin, Globulin, Prolamine and Glutelin formed 
respectively 35.6, 16.9, 11.0 and 17.9% of the total protein, 18.6 % of the total protein 
remain unextracted. The free Amino acids present in Ginger include Glutamic Acid, Asparitic 
Acid, Serine, Glycine, Thromine, Alamine, Glutamine, Arginine, Y-amino Butyric Acid, 
Valine, Phenyl Alanine, Asparagin, Lysine, Cystine, Histidine, Leucine, Protine and Pipecolin 



The characteristic pleasant and aromatic odour of ginger is due to an essential oil.The 
oil is generally obtained from unscraped ginger. The essential oil derived from the dried 
ginger, known in trade as “Oil of Ginger” is greenish to yellow in colour, mobile (viscous 
on ageing) with the characteristic warm and aromatic odour, but not the pungent flavour of 
the spice. 

The rhizome is valued in medicine as appetiser, laxative stomachache, aphrodiasic, 
cuminative, useful in the diseases of the heart and the throat, dyspepsia inflammations, 
“Kapha” and “Vata”, bronchitis, asthma, vomiting, pains, should not be used in leucoderma, 
anaemia, strangury, leprosy, ulcers, fevers, burning sensations and diseases of the blood. 
Ginger rhizome is alexiteric, improves taste, useful in indigestion, elephantiasis, piles, 
eructations and abdominal troubles. 

Ginger is a well known popular remedy for snake bite and scorpion sting, but it is not 
antidote to either snake venom (Mhaska and Caius) or scorpion venom (Caius and Mhaska). 

The essential oil from rhizome was studied by Sanjivarao, Sudborough and Watson 
(1925) (Jorn. Ind.Inst. SC VIII (A) 1925) and later by Mondgill (1928) (Jorn. Ind. Chem. 
SC V, 1928). 

The synonyms, uses and references has been quoted from the journal of the “Medicinal 
plants of India Vol. IV”. 

A number of diseases of Ginger has been listed by Sharma & Jain (1977a). 
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OIAEIES^ 

JLEATtlOrTEN - PYTHlIJM-aalianidm DM^ 


ton ™ aptani - irm mm (Edson) Fitzpartck. causing soft rot of ginger is common 

tn most of the ginger growing tracts of India. Bnttler (1907) first noUced this serious disease 

of gtnger tn Surat (Gnjrat) caused by a species of which was idendfted as Pvftinm 

gracile Schenic ^ ' 

Buttler (1918)considered that though the species in question had been provisionally 
1 enb led as ^. -Sracik , the species isolated from ginger differs from the typical P, graril^ 
^escnbed by Schenk. He further considered that this species might be a new one 
Snbmmantam (1919) described the soft rot of ginger from Pnsa and the pathogen consideted 
by hrm to be the same as reported by Buttler (1907, 1918) but it was identified as P. hunter 
Salaam, a new spec.es. Later Mitra & Subramaniam (1928) from dteir results and inoculanon 

TfiTnoir' o fP..aDhaniderma„.m B....,., 

B^Oy (1931) considered £^ bB.leri P f ntr ile to be identical with P anhanir„^.„,„ 

Considering the mycological history and taxonomy Prinsheim in 1858 placed the genus 
Pyllimm m Saprologniaceae. Later the relationship with other Oomyce.es was established 
and the genus was included in a new family Pythiaceae by Schroter in 1897. 

Tannnen tn (1961)working in Argentina produced a good taxomic treatment for 17 sps. 
His work IS well illustrated and in general follows Middleton (1943) concept of the genus. 

Waterhouse complied Ae original description and illustration of all described species and 
published a key to the genus in 1967. 



odicman Orover and Dutta (1973) described Pvthinm 

morphology and physiology It’s hyphae 2.8-7.3 ( 4-6) in dia, hyalin and noi 
in fruitification, sporangia inflated filamentous, branched or unbranched to 
usually forming complexes Zoospores , laterally bicilliate, 12 x 7.5 ju spherical 
intercalary 22^i india. Antheridia usually monoclinous but also diclinous typi 
though often terminal, one or 2 per ooganium, barrel shaped or dome shape 
becoming cylindrical or broadly clavate, 9-11 x 10-14 p, conspicuous pe 
Oospores apterolic, single moderately thick wall, 17-19 n in dia; germinatio 
culture isolated by the author from infected rhizome had the same 


CHAPTER - III 
SQET_RQ.T 


Soft rot of ginger caused by Pythium aphanidermatum (Edson') Fitz is of common 
occurrence in the ginger growing tracts of India. Battler (1907) as already reported in 
previous chapter first noted in Surat (Gujrat); Subramaniam (1919) described it from Pusa 
(Bihar),. 

The disease is epiphylotic and causes enormous loss to the growers. Buttler (1907) 
estimated the loss in a single village in Surat to be more than Rs. 10,000 . Me Rae 
(1908,1909) estimated the loss upto 80% in exceptionally wet years in Bengal. The author 
has also found that about 80% of the crop is lost due to this disease during the study period. 
Infected plants either die early producing no rhizome or there may later recover partially. 
The symptoms of the disease were first evident on leaves which show slight paleness as 
compared with the normal healthy ones. Then yellowing was noticed on leaves, particularly 
at the tips which gradually spread down the leaf blade & leafsheath more along the margins 
than along the centre. As a result in the initial stages, while the margins, had already became 
yellow, the center remained green. The yellowing was followed by withering and drying and 
the dead areas gradually extended towards the leaf sheath following the path of yellow 
discolouration. The dead leaves gradually drooped and hang down along the stem till entire 
shoot becomes dry. At the same time basal portion of the plant between the point of 
attachment with the rhizome and soil surface showed a pale translucent brown colour and 
later became water soaked, due to destruction of parencymatons tissue to such an extent that 
the whole shoot could be easily pulled out but the stem usually does not fall off. Soft rot 
extends from the collar region to the rhizomes, which first become discoloured and gradually 
decomposed forming a watery mass of putrefying tissues enclosed by the tough rind of 
rhizome. The fibro vascular strands are not affected and they lie isolated among the decaying 
mass. The roots arising from these affected regions of rhizomes also showed typical rotting 
and softening. The infected plant fail to produce any new rhizome. Soft rot of ginger has 
been reported from Rajasthan by Kothari (1966) Lin et al (1971) have reported soft rot of 
ginger from Taiwan Trujillo (1963) have also described the rhizomes rot of common ginger. 

Disease generally occurs either during sowing where the shoots arising from such 
rhizomes undergo damping off during seedling stage or if infection develops during the later 
stage death occurs in adult plants and such plants fail to produce rhizomes, however the 
author has found that generally at Baraasagar early damping off is more common. 


Beside damages in U,e field, rotting is also noticed in the rhizomes collected from the 
trfected crop and kept in storage, particularly were preserved in pits (Thomas (1938), 1939). 
ycelium of the casual organism, is found in the underground parts of affected plants 

occasionally in the Stem and the leaf - sheath Thi* 

in the field. ^ wide spread 

The hyphae of E ^Jianidertnatl i ip. penetrate the cells freely, forming usually irregular 
swdhngs and the rotting is usually in advance of penetration. The non septate mycelium of 
g hyphae fotms long tapering zoosporangia by the apical swelling of hyphae, when 
the branches extend to the outside where there is plenty of moisture or when they are placed 
tn water. After certain internal changes, each apical swellings blows out into a vesicle in 
whtch the protoplasm migrates. In the vesicle the protoplasmic content undergoes division 
to form small segments, each of which is transformed into a zoospore, which escapes from 
tite stde from the rupture of the cell wall. Zoospores after swimming for some time rest to 
o™ walled structure which germinate directly to produce mycelium. Sexual reproduction 
takes place wtthm the tissue of the infected plants. Oogonia are formed generally on short 

ate.^ stalks but may also be inter calary antheridium is paragynous Oospores are produced 

Singly in the Oogonia. 

Sporangia are developed terminally also widely interealary. zoospore formation is rare 

Sporangia germinate direcdy by producing germ tubes.There are 2 ways in which the disease 

IS earned over or propagated first through diseased rhizomes and secondly through Oospores 

■n the sod. Me Rae (191 1) considered the use of the diseased rhizomes to be the principle 

factor in the dissemination of the disease. The fungi are common soil dweUers and they can 

probably live as saprophytes for a long time. The infected rhizomes contain mycelia and 

fruiting bodies inside. Oospores have also been found in the scales or preserved rhizomes 
(Thomas 1938). 


OiAmsjX 

beiiew of THF MTFJ^ATURR 


. iZingityeofficin;^!??; is an economically important crop of Bundelkhand 

region panicnlarly Baruasagar ia tt,e well known cennes of ginger cultivation. In these amas 

soit rot of ginger is a serious problem. 


The disease, soft rot of ginger was Hrst reported by ButUer (1907) from Surat (Guirat) 
Subramaniatn (1919) described it from Pusa (Bihar). Ginger is commonly damaged by soft 
rot caused by species of Eyamm. The important species which cause soft rot are P 
^.. Mldermamm (Fds) Fj, . :, reported by Buttler & Bisby (1931) from Gujrat, Shahare & 
Asthanamponed it from M.P. (1962), ^otvlum giato was repor^d to be the casual 
organism by Middleton (1943) ftom Gujrat, while Patel et al (1949) & Bhagwati (1960) from 
ombay & Pune repotted the same as the casual organism. £. aphaniderma„,m has also been 
reported to be responsible for the soft rot disease in Ceylon; particularly in plant raised from 

seed rhizomes received from Surat (Park, 1941). Sharma (1977), Sharma & Joshi(1977)also 

reported it for storage and freshly harvested rhizome from Jabalpur M.P. Pvtblum a. 

smx was also found to cause the same disease in Wynad (Tamil Nadu) at an elevation of 
1000 m. and above by Ramaktishnana (1949). The other species reported to have caused 
dtsease of ginger are ^ . .buttleri .Siihram by Subramaniam (1919) & Thomas (1938) & P 
m anospermiiim Pringsh by Buttler (1907)& Middleton (1943) . 


The genus ^thium includes a number of readily recognized species with wide 
distnbution and host ranges. The taxonomic position of the fungus and its relationship to 
other Phycomycetes were well established during the latter part of the 1 9th Century. In the 
early 1900s pathologist found EjUjimn species consequenUy associated with root diseases 
and It soon became apparent that these fungi were important plant pathogen. Certainly, not 
all tsolates of .Eyihium species are capable of causing disease of plants, many are soil borne 
pathogens, that cause serious economic loss to a wide variety of hosts while others are more 
limited in host and geographic range or affected plants only under moisture. Several species 
of.£ylllUim have been reported. They are P. anhaniderms,....! (Edson) Fitz ( Mitra & 
Subramaniam, 1920) £,. lmnleri Suhram . (Thomas, 1938). P. comnlectens (Park, 1934), 
Eu iellCTse Mems Haware & Joshi,(1974a ) f . grascile de Ram, .s,-t,.„t. (Buttler, 1970) P 
g MWicpltim Sllhnun , (Park, 1935), ■Ejiyr ioty l um Drescher (Uppal 1940; Park, 194ft 
Buttler, (1942), P, vexans (If Barry (Ramakrishnanh, 1942), Buttler & Bisby (1931) 
considered ,o be identical with P. aDhaniderm.o,,^ I„ Madhya 

[81 



l^desh.e ^|iani(|;miMl i m (Haware & Joshi,(1972)) J. deliens. f Hawam & Joshi, 1974) 
& £ j>vrii)lyllim ( unpublished IMI 20669) are reported to be responsible for soft rot. 

K.C. Shaharc & R.P, Asthana in 1962 studied the rhizome rot of ginger and its control 

measures. Bal gopal, Devi, Indrasenan and Wilson (1975) studied the varietal reactions of 

ginger towards soft rot caused by t uphanidenoatl i m - from Ketela. Bhagwati,(1960) studies 

so t rot 0 ginger and its control measures. Indrasenan, & Paily, (1973) have also 
studies 

Esahimn species mainly infect juvenile or succulant tissues. Thus restricts their 

parasitism to seedlings or the feeder roots or root tips of older plants and to water fruits or 

stem tissue. They do not spread widely throughout host cells and are quickly followed by 

more aggressive or faster growing fungi with certain hosts such as grass, tomato transplants 

l^nuts and cluysanthemum. niese fungi also attack stem and foliage of non seedling plants’ 

y cause frutt rots of crops such as beans squash and watermelon. Pvthiiim also affects 

tots, vegetables in storage and transit, bulb and tubers of horticultuie plants before and after 
harvesting. 


Eythium species commonly infect seed and the radicals causing seed rot and pre 
emergence damping off. The fungi also infect newly emerged seedlings at ground level 
causing them to collapse or topple over, a common symptom of post emergence damping 
o . The dtsease is most noticeable in nurseiy beds, green houses and row crops because 
symptoms develops suddenly, killing large number of seedling in local area. 

Esahilim species survive in soil by saprophyticgrowth and by resistant resting structures. 
They are not vigorous competitors. 


The survival of P. ulHmnm 
Hancock (1971). 


sporangium in soil has been reported by Stanghellini & 


PARTI 
SECTION B 
PATHOGENICITY 


CHAPTF.R V 
INTROmirTlnN 


experiments have been conducted by Buttler (1907), Buttler & Bisby 

L «-^U1949)^hagawa. 

Q?v! (1977), Shahaie and Asthana (1962),Hawam and Joshi 

(1973,74) , Sharm^ Joshi and Jain (1976) have made a significant study on the pathogenicity 
ofE jphanidgrm^nim on ginger rhizome at Jabal pur, (M.P.). 


niese workers have also isolated Eaphanideimatum from the diseased ginger rhizomes 
and have conftrmed that loss is caused by fungus to the ginger plant. These workers have 

also observed the same symptoms during pathogenicity of the host. Symptoms of the diseases 
have already been described in Section 'A'. 


Isolation experiments conducted by Sharma & Jain (1977) included isolation of patho- 
gen from the (1) washings of rhizome (2) superficial peeling of surface sterilized rhizome 
with .1% HgC12 (3) inner deep portion of the rhizome. These isolation were however done 
from stored rhizome and from fresh rhizome. The present author also succeeded in isolating 
the pathogen from surface sterilized rhizomes brought to the lab in sterilized petriplates from 
the fields. Inoculation studies were also done by the above workers. Indrasenan and Paily 
(1973) made inoculation experiments on germinating buds of ginger rhizomes and young 
ginger plants and on matured rhizomes. They also screened 21 varieties of ginger for their 
susceptibility to the disease. These were done with 48 houis Pvthium cultures with and with- 
out mjury. Pathogenicity and inoculation experiments were also conducted by Haware and 
Joshi (1973) in pots. In this, inoculation was done by using mycelial suspension of the test 
fungus in which freshly cut surface sterilized rhizomes were dipped and then planted in ster- 
ilized soil in pots. The pathogenicity was confirmed by these workers in the experiments. On 
the same lines the author has also planned the pathogenicity in culture tubes, sterilized and 
m unsterlised soil using mycelial inoculum ,diseased host baits and sand oat meal inoeculum. 
nie pathogen was grown on different media by various workers to study the morphological 
behaviour of rythimri .Among these ate Mitra and Subramaniam(1928), Hickman (1944) 
Drechsler (1952-53),Singh and Srivatsava (1953)^Emerson (1958) and Bineeta Sen and 
Srivatsava (1960). These workers mainly aimed their experiment to study the factor affecting 
zoospore production in Eia llium aphanidfrmatllm The present author have also made a detaU 

study using various culture media aiming to select the media suitable for the growth of the 
pathogen. 


The genus £yll |ium is very sensitive towards temperature both for its growth and 
productton o, zoospores. Normally the f„„,us grow 
o an optimum level at a temperature 26 - 28»C. The zoospore production takes place in the 
nnomtng at a still lower temperature . TTre studies of Cantrell and Dowler(1971) have also 

th th ° “ndlusion. Since disease incidence is closely related to the temperature 

the author studied the effect of temperature on the pathogen. 

The effect of C:N ratio on the growth of .fahign, species have been studied by Kraft 
and Erwtn (1967) 3ineeta Sen and Srivatsava (.968) used organic matter to change L CN 
mno and studied the effects on the zoospore production of X^h a ni d em tatl im .Muralidharan 
d Raman Kutty (1975) studied the effect of Nitrogen on ginger production. Muralidaran. 
and Balknshnan(1973) studied the fertilizer requirement of ginger. 

S-dh ^oil Grover and 

S.dhu(.966) studied the effect of nitrogen sources on the growth of Pv,bi„m 

.Saxena et.al(1952) made a study on sulphur and nitrogen requirement of 
the genus Pvthinm . 

The above studies pointed the worker to study the effect of C:N ratio on the growth 
Of the pathogen and thus was included in the present studies. 

Similarly the age of culture and rhizome on the disease development have been studied 

by a number of workers. ^ 


Effect of age of culture 
Srivatsava (1968). 


on zoospore production have been done by Bineeta Sen and 


Age of rhizome on the disease development have been similarly studied by Indrasenan 
and Paily (1973). The author too studied the effect of age of culture and rhizome on the 
disease development. Germination inym of taphamdsrmalmn zoospore sporangia has been 
descnbed by Stangheilini and Bure (1973) .The above studies have been planned and con- 
ducted in the manner described in the chapter experimental and discussed and concluded in 
the preceding chapter. 



XHAPTER vj 
EXPERTMFNIT^j 


Experimftnt (T) 

was broken ge„,y so as .o c ‘ ^ 

was collected in poly bags for isolation of pathogens . 

nie diseased underground rhizomes suspected to be nnder different stages ofinfe f 

.J:“::r:r“::rr=T:rr 

0.1% me^uric chloride for .3 minutes and then washed .peated":™ 

«™ve thstnfectant. Surface sterilized and washed pieces were plated in following medium 
and incubated oat 26 "C. for seven to ten days. 

1. Potato Dextrose Agar 

2. Potato Dextrose + Pimaracin and Vancomycin. 

-Experiment (TT) 

Ln^OCUlation F.y perime.ntg 
Pathogeni^fy T^c| 

obtaining llTh developed ginger, rhizome 

J^d from local homcultum department and old mattued rhizomes obtained from the local 

at. To confirm the pathogenicity, preliminary test was conducted in culture tube 
xpertments.The fuial detailed pathogenisity test was done in soil and in jars. 

£Hlture tube experimentc 

Culture tube 20 X 3,5 cm size were used. Cotton plugs soaked with soil exnact was 

w-T t^-V r H«C12 and washed repeatedly 

stenhzed water and placed in each tube.The inwoculum was added in die form of 8tnm 


weirp™ "'"Is?™ r r”*“ “’^ p"*”*""- ■“•>=* 

are .a Jared i„ t! W eT -“>■ 


2- ExperimPint in en^| 

The two types of inocculum of the pathogen were used : 

i. As Mycelial ino-culum and 

ii. In the form of diseased host baites. 

^gParation of mvcfli; ^ ! in-np^|l^im- 

Sand was passed through a sieve of 4n™ ™ash and was washed .peatedly to .nrove 
ma san pamcles.clay and other substances. After drying lOOgm of sand.Sgms of oat meal 
a^d 35 m, of water in 350mi concia, Hash wem autoclaved for 45 minutes at 20 pouTd pj 

flask '’^‘^“Sen as and when required.The 

colony Inh^^T ^ growing 

e pat ogen. The flask were incubated for .three weeks at 28 "C. and vigorously 
shaken so as to get a homogenous mixture. ^ 

- Prepai-ation of Dise a sed Ho<;t Ftaift^o- 

Hga 2 “r 7T T''*' 

pieces These J' ““ ^ut into small 

P eo s. nrese were then agatn sterilised for 3-5 minutes then again repeatedly washed with 

sterdrsed water and they were then kept aceptically in sterilised flask containing 50ml Potato 

Eteuose Agar medium inoculated 5days earlier with dte pathogen and incubated ' at 

2 L?Tr' myceUum after 

21 days. These were taken and used for inoculating the soil. 

-Glass Jar E xperiments 


!**«>«> in sterilised and unsterilised soil for both the freshly 

evetoped and old mature ginger rhizome. All experiments went done in triplicates. Field soil 
was roughtto the lab and drredSseived with 6mm mash . to fill the experiment jar 

Two control for each stage of ginger used were run side by side. Half of the jars wem 
autoclaved at 20 pound pressure for 45 minutes, the remaining halft^Sjo elaved jars were 
ept m study fire pathogenicity in unsterilised soil. 15% of s,^. nd in„oculum was mixed 
oroug y with the soil m each pot. Water equal to 50% of the moisture holding capacity 
of sofi was added. Two surface sterilised rhizome were transfered in each experiment jars. 
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^ ‘°“ "'“de good 

0 y .dd,„g water .ntenninendy. The jars were observed regularly .o note Ure development 

o dttease symptoms. Conteol jars teceiving sand only instead of inoculum were also observed 

and the observations made for 5 to 8 days after inoculation are given in table If 

Experimpnf ttt 

£-fcct (lifffrgnt CuUnrf on the growth nf the pafhi->p,»n 

erowth of determine the influence of different culture media upon the 

med-a t■Il'’^ ™ »»>!> broth and solid media. In broth 

meth tt, i cuitures of the pathogen were grown in ,00 m, conica, flash containing about 35m, 

Of tee broth medtum. The inoculum in each case consisted of a disc of 8mm diametL cu! 

mycelta mat was cottected and separated by ftiteration under suction in buchners funnel o 
« wetghed Wattman No.4Z Alter papenMycelia, ™t was washed with distUIed 

teen rr T1 7" “f was 

of tee pathogen was examined on solidified agar. Media was poured in petri plates After 
tee me ta solidified tee plates were inoculated with the pathogen after 0 hrs, 24 hrs, & 48 

cl I T ft«b,y ^own 

0 , ny and placed tn tee cenue of tee peni plates. The radial growth was recorded after every 

hrs, and growth ploted against time. The following media were used for the pur- 

pose: ^ 

1. Potato Dextrose Agar 

2. Czapecks Dox Agar 

3. Richards Medium 

4. Peptone Dextrose Agar and 

5. Glucose Asparagin. 

1- £DA 

:17gms 

Potato peeled & sliced ; 200 gms 

Dextrose : 20 gms 

: 1000 ml. 
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Water 


at the same t ’““"’I <>f 

same ttme agat >s melted in 500ml of water. The potato juice is decanted in melted 

agar and volume adjusted with water. Dextrose is then added 


2- Czapecks Dox 

j^Sar; 

Agar 

: 15 gms 

NaNOj 

: 2 gms 

K3HPO, 

: 1 gm 

MgSO^.THp 

• .50 gms 

KCl 

: .50 gms 

FeSO^.THp 

: 0.01 gms 

Sucrose 

: 30 gms 

Distilled water 

: 1000 ml 

Sucrose is added prior to the final 


litre. 1 gms yeast extract will be added. 


contains 2 gms NaN03 per 


Ei£ll2rd!sMedium: 

MgS04.7Hp 

.’ .25 gms 

KH^PO, 

: 5 gms 

KNO3 

• 10 gms 

Sucrose 

: 50 gms 

Potato Starch 

: 10 gms. 

FeCl3 

: Traces 

Distilled water 

.' 1000 ml 

Peptone Dextrngfa Affflr- 

Agar 

: 20 gms 

KH^PO^ 

: 1 gm 

MgSO^.THp 

: 0.5 gms 

Peptone 

: 5 gms 
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Dextrose : 

10 gms 

Distilled water : 

1000 ml 

5- -Glucos^ Asparagin- 

Glucose ; 

10 gms 

Asparagin 

5 gms 

KH,PO, : 

1 gm 

MgSO,.7Hp : 

0.50 gm 

Distilled Water ; 

1000 ml 

Experiment (TV)- 


1- Egect Of Change in T-N ratio on fh. nf mrhr 

The pathogen was grown on petri plates on Czapecks Dox 


. V,. U.uuscn was Jcept constant and the amount of carbon 

Lmes. While .„ another set concentration of sucrose was kept constant and the quanthy of 

n.«e was changed i.e., 1 a g^s, and 3 *™s/Llneof ™edlu. preparation. Z JZl 
was allowed to solidify for 24 hrs. mcaiurn 

Inoculation of the pathogen was done with a Stunt disc cut away from .he tip of the 
newly grown colony of Ute pathogen . Radial growth was recorded after every 24 hrs to 72 
hrs and plotted against time. The data are given in Table ViHg.vI. 

5- Experiment (V) - 

Effect Qf temperature on prnu/|h of pathnat>r> . 

For Ute experiment sterilised petri dishes were poured with Potato Dextrose Agar 
“ 7 7 : -Oh Plate was 

P gen. The inoculated disc were incubated a. 15»C . 25»C, 35»C. 45»C. Radial growdt 

of Ihe pathogen was recorded after every 24 hrs upto 72 hrs. The growth recorded is given 
in the Table VI.Fig.V. ^ 
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Experiment (yy) . 

a s effeci of ape of mitnrr nn th^ 'l-Yfl-rm r nt - 

u.e viztrr wi.h 

~~ '’O. an. .e ..es 

.0 .e .nbes T 

corded in Table VII d-ft n • ''' incidence was re- 

_. ’ *' ‘"““‘ated rhizomes were incubated at 26 »C, for 5-8 days 

The rh.zon.es were given 2 or 3 pricks to get quick results. " 

7. Experiment (VTT) - 

Ege cl of age of rhizomes nn the dise.,. d...f --r- Iiril| 
was oIl™7rmT 

om the earher experiment on pathogenicity. The author had used in the 

1x0“""’“! 7““"' ^““P- -i-eloped 

a's treTh e“:r rr " ^ - 
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Oi AEIER Vlf 

££ SUMiS and OBSFi^y^j|r>| V | ^ 


E2a2Sriiii£nLi 

Isolation of pp^hn|Tari 

- «~i. - ."i”" ““ ™ 

hyphae of .he paa.oge„ ^ , * “ “ “ -m„g.ed 

idendficadon was done widi tre°her T''’”®'” ^ Whanidemiamm . The 

.ep..onschap.e.a:d":ll:^^^^^^^^ 

Experimpn^ 9 
Inpoylation expp:rimf>n|o 

a }- . Cvilture Tuhf F x Derimpn^c 

tested nnder sterilised conditonTThe^ruirolair^^^^ «''P=rimen. and pathogenicity was 

ne results obtained are given in the table I. 

The observadon^ble shows that the freshly developed rhiaomes are nrore snscepdble 
infecdon as compared to the old and mature rhizomes i e 809' and l 
5days of inocnladon. However the mature n- respecttvely after 

^iass Jar Experimt^n| 

bv resr'^^r'”! ■" “■>«* expedraent, confirmation was done 

«Ls glalT- “-■ho- 
used fir “““l™ and diseased host baites were 

V d '"tT” “'’‘ained are given in the table n. From the obser 

adons padtogenidty was confirmed. Again it was nodced dta. the freshly developed ritizome 

ere more susceptible for disease development as compared to the old andma.ure 

^L8] ' 


i. was less 11,^'“' T “"‘‘“o" "Wle u.der unsMised condition 

niicrobes presentTL 7 

freely and unchecked duHo'b T' 

unchecked due lo abundance of moisture under their disposal. 

Experim^n| T. 

££ fcgt of Oifferenf |v/fpr1i n 

Peptone DextrosI Agar, Cz^pIc^DrirG^^^ namely Potato Dextrose Agar, 

T::ZTJ::r:r~^ 

. r:r :::rr r.r ~ 

• hsar the radial growth of the pathogen was observed The datas 

- green .„ Table IV.Hg, , . „i. The medium was poured in sterilised petriplates and ato 

7Tr 0 --Ta 

e ra la growth was recorded after every 24 hrs.to 72 hrs. From the table it can 
be Observed that Potato Dextrose Agar was the most suitable medium for the growth of the 

LTh! d ?' '' ““aulated 

s.an down as the inoculation was delayed and done after 24 hrs.and 48 hrs 

IS s ows that dner the medium, less is the growth i.e the moisture content has an important 
role for the growth of Eaphanidermamm 

Experiment (TV) 

E ffect Qf r:N Rgtio on the growth nf the pathnpr^n 

The effect of C:N ratio on growth was rested on solidified Czapecks Dox Medium in 
enlised petnplates.In this medium in one set of experiments the concentration of NaN03 
ept constant and the quantity of sucrose used was changed i.e 15gms,30gms.and 45gms 
/toe., respectively. In another set of experiment the concentiation of sucrose was kept con- 
stant and concentration of ninate was changed i.e lgm,2gm.,3gm.,respectively. The data re- 
are tabulated in Tabie V Fig IVt.Maximum growth was recorded in the medium when 
03 was taken as 2gms /litre and sucrose 30gms/litre.TT.e rate of growth was almost the 


decreased '^ere reduced to 50 %. With the increase in NaNOSthe growth 

Experiment y 

££ fect of tPmperfiTnre on prnu,|h 

Agar petriplates^I h previousely sterilised and solidified Potato Dextrose 

g p ‘P^ates.Incubation was done in triplicate at 15«C 25«C 35® C 45«r Th , 

..ow.Ho,.epa.o.e„aU..e.„..e„w.„„..^ 

given in Table VI and Fig V. ° 

of >he?ar“"tr ‘he growth 

25*C I TT '““"d <0 be 

C where U,= plate were fully g^wn by the pathogen in 48 hrs, while at 35«C. the pathogen 

::ZcT - ■ "c i: 

cannell and Dewier .„ ,971. revealed dtat tfte optimum temperature for mycelial producdol 

was lower tn liquid medium than Agar medium. 

Experiment VT 

E ffggt Qf ape of the rnlture on Hiceffc e development 

3 5 -bure were raised for 

3 Aand 8days mspecdvely.TTte disease incidence was mcorded in Table VII.The data obtained 

^owed ,aB days old culture of the pathogen was most effective and caused ,5% loss m 

e freshly developed rhizome and 50 % loss to the old and mature rhizome. As the culture 

L 8 d rT‘" “ “dence was mcotded 

2oir* "" ™ ™ “'d and mature 

Experiment VTT 

Ef fegt Qf 9pe of Rhi7ome on the Hi\Pf> s e developmi^n^ 

To see the effect of age of rhizome on the disease development the rhizomes of two 
different age group i.e one freshly developed rhizome while te other old and matme rhizome 
were usedThe observations are recorded in Table I,n and VII. The observation tables show 
to freshly developed rhizomes were more susceptible to infection as compared to old and 
mature rhtzomes. However,it was found that if the pathogen is kept in contact for a long time 
with old and mature rhizome .they get involved in pathogenesis.The delay in the disease 
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whillrrrr -e s.bs.a„ce. 

:r:r::~^^ 

2;~c. ^ 


tube experiment 
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TABLE V 
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GROWTH IN CENTIMETERS 


EFFECT OF TEMPERATURE ON THE GROWTH 



TIME IN HOURS (Fig.V) 

O 15DEGREE CENTIGRADE 4 25DEGREE CENTIGRADE 

o 35DEGREE CENTIGRADE a 45DEGREE CENTIGRADE 



CHAPTFB v;h 

mSCrSSION amp rnNrmsiniy 

Soft rot of ginger is though an old disease and is reported front various places and has 
also been studied by a number of workers (From thf r 

_ . the earliest report of Buttler (19071 

Subramaniam (1919 till Haware and Joshi nQ79^ t ,1 

, j ^ ^'^^rasenan and Paily (1973) has been 

worked out in South India and Madhva Prade.h^ R » f > t nas been 

D u ^ ^ It was recently very prominent in the 

Bundellthand region, loss has been found to he enonnous and is therefo. considertd 

wo sVaird ‘ ” “i" centre of ginger cultivation is 

affected and has been replaced by the fanners with some other crops. 

During the isolation studies the author isolate Eanhaniderman.m nt, , 

mfected r .aomes.During the field study the symptontT^i^^^^^^^^^^ 

III Tn r' ^Pceads down leaf 

0 ^ 1 ?; "“"‘O" “ ■>- Of -chment showed 

pteThe rhttomes were observed with watery mass and destruction of paremchymatous 

ttssue. The roots also start rotting and softening.Rhizon,es brought from storage region also 

I f t h™ ” “Wbdis- Young rhizomes were found to be worst affected and adult plants 
also faded to produce rhizomes. The disease noticed by the author was more abundand at 

IT* InoTT" fraction.Rajan 

■ng ( ound similar observations where they reported that increase in sand fraction 

supressed the growth of.Patan.This might the result of water logged conditions in clay 

which facthtates the growth of £ytam. Garett (1956) made similar observations light snuc- 

tured sod being poor in nutrient capacity and acidic reaction donot favour development of 

sod bound diseases. Ej phanidermaturo- from soft rot of ginger has been isolated by Rajan 

and Stngh (1974)on Peptone Dextrose, Rose Bengal.with Piramycin and Dichrysticin The 

author however isolated pathogen on Potato Dextrose Agar, PDA with Piramycin and 

ancomycni.The isolation was done from infected rhizomes ,superficial peeling and deeper 

tissues after surface sterilising them with .1% HgC12. Sharma and Jain (1977) isolated 

*“"108 of rhizome,superf.cial peeling and deeper tissues on PDA. 

E aphanidermatuni ,the casual organism for the soft rot of ginger has also been isolated 

by Shahare and Asthana (1962) from Chi„dwara,Mad^adesh,Park (1934.41)isolated 1 

fc aplMniderpistlini from Oylon and Surat respectively and rndrasenan and Paily (1 973) from 
Kerala. 

The symptoms of the disease as studied by the author are in confirmity with 
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Chanopadhyaya (,967).I„ the paU,os=„icUy expe™e„.s.^e au^or performed .s,s i„ cuUare 

. be expenn.e„,s are g.vea i„ ,he Table I.The obaervatioos .how .ha, freshly developed 
h.zomes are ™re susceptible as compared .o old rhiaomes. Af«r 5 days of isolauon 80% 
jease .nc.dence was noted on fresh rhizomes and 15% on old rhizomes.However the 

s^l d r""'" j-”P-imen.s fTable leaving 

“ r ““ 

was more under stenhzed conditions as compared to the unsterilized condition.This might 
e 0 vious y ue to the presence oMKev microbes under unsterilzed conditions which might 
be antitgontstic to the pathogen or might he checking the growth of pathogen by competeting 
or space and nutrients.The author observed that the infection was better with pricked rhizome 

Z p ? “> of -d 

Patly (1973).Pa,hogenici.y of titefi^toid^rnMumcausing rhizome rot of ginger has also 
been confirmed by Mitra and Subramaniam (1928),Shahare and Asthana (1962) For the 
urther studies on the pathogen ,i,s growti. on different culture medium was studied.Bineem 
Sen and Srivastava (1968)used ten different culture medium to study the effect of zoospore 
production by -E jphanidermatnm . The author used five different medium Potato 
Dextiose.Glucose Asparagin, Peptone Dextrose.Czapecks Dox and Richards medium.The 
experiments were conducted on broth and on solid medium. In broth dry weigh, of the 
mycelial mat was obtained after ten days of incuabtion and considered the criteria for the 
growth of the pathogen.The results obtained are given in Table III .Dry weight of the 

mycelium on PDA .Czapecks Dox .Peptone Dextrose and Glucose Asparagin were 

295,130,90 and 5 mg respectively. 


On solid media the radial growth of the pathogen was recorded after every 24 hrs. upto 
72 hrs.Solidified Agar medium was inoculated after 0hrs,24hrs.,48hrs. respectively.The 
pathogen grew fastest in plates inoculated after 0 hrs. then slowed down when inoculated 
after 24 and 48 hrs. respectively.,in all the mediums used.Table IV Fig I Jl.and III reflect the 
pattern of growth followed by the patiiogen at 0 hrs.The pathogen filled the entire plate by 
Its radial growth^ 48 hrs. on PDA and Czapecks Dox. While on Peptone Dextiose and 
Rtchaids medium.^owth could only be observed after 72 hrs. At 24 hrs the PDA petridishes 
were completely full after 72 hrs. Plates which were used after 48 hrs of pouring the patho- 
^gens could not cover the entire plate even after 72 hrs of incubation. This growth pattern 
.^shows that the pathogen could not grow better in the medium where nitrogen is prcsent.PDA 
ts a semi synthetic medium where the sole contents are potato extracts and dextrose.Thus 
gave the best tepott.This observation of the author is similar to Bineeta Sen and Srivastava 


(1968) who found better znncno^. « j . . 

P production in the medium having Corn meal or Oat meal. 

TT.e effec, of C:N rado on the g™„u, was ■ , by Ute anfltor 

in the expenment described above. ^ 

To have a better undersutnding the author conducted an experiment using Czapecks 

sucrose concentration was kept co^ “me medium 

, constant and, the quantity of NaN03 was changed i e 

tha'Sn Table V Fig W it can be observed 

S Wh ^ obtained in medium using 2gms NaN03 and 30 gms 

Sucrose^When the concentration of NaN03was increased or Sucrose was decreased the 

^rstudTr A S'""* EBiimnspecies have 

n s udied by Agnibotri and Vaartaja(1967) Bineeta Sen and Srivastava (1968) also could 

E ^l-Wd^mistum when aqueous NH4N03 solution(2%) 
or an aqueous Peptone soIution(.25%) was used. Nitrogen not only influences Eahim 

growt in medium but also when applied to soil in the form of fertilizers reduced disease 
incidence. Rajan and Singh (1974) made the similar observation when they found reduction 
in isolatton of Py*igni from soils with 30ppm nitrogen. Vanteipool (1940), Hooker (1953) 
Agnihofri and Vaartaja(1967) and Kauraw(1970) have also found that soil fertilizers having 
Nibogen reduces the severity of the disease caused by Eah«. suggest that higer level 
0 nitrogen is toxic to E jphanidepnatum . Ulus this finding of the author is similar to those 

znu '^ 7°™ ®'ng« yield is increased with the addition of nitrogen at the rate of 

gs/hectare[Murlidaran and Raman Kutty (1975)]. The observation is again an indication 
to the fact that under the above concentration Pvthinm is not able to grow. 

Pathogensbehaviour towards the incubation temperature of 15«C 25 «€, 35 
and 45 »C was studied by the author by growing the pathogen and observing the radial 
growth after every 24hrs to 72 hrs. The result obtained in table VI and fig.V show sthat the 
growth was best at 25 «C followed by 35 »C , 15 »C and 45 «C This observation of the author 
IS in contrast to the one observed by Middleton (1943) who found optimum temperature for 
the growth of £ ythiutn to be about 34® C and maximum around 40“ C. 

Cantrell and Dowler (1971) found that optimum temperature for Eahkm was low on 

liquid medium than on Agar. The temperature response of Pvthium towards radial growth 
indicates to the fact observed by the author that soft rot of ginger occured in the fields at 

the time when the atomspheric temperature was around 25® C . 

Age of the culture of pathogen have also been found to he an important factor in the 
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wrdlro'rirrl!"””® r'"’'"' cuuure a„d inoculation 

shIZa dal otT' 

rhizome and 50% roThe 0 “^! 'TZ 

iuew old With ■ incidence lowered as they 

loss on old and ^ h ^*** <icveloped rhizome and 20% 

OSS old and mature rhizome was observed. Similar observation was recorded by 

Indrasenan and Paily (1973) where they found that 2 days old culture develop maximum 

infection. Bineeta Sen &SrivastavanQfiS^ talc ^ ^ ^ aximum 

, ^ ^ found maximum zoospore production in 48 

of of r '"^1 

n, s ill b ' '"t'™' f"-- 'hn pathogenesis 

Tins wtll be evident from the pathogenicity experiments conducted in cultum tubes and glass 

l^a y escribed. The observation recorded in table I,n VI clearly showed that fteshl 

de eloped rhtzomes and buds are more susceptible to infection as compared to old and 

mature rhtzome. This fact was also nodced during field obsetvations and isolation studies 

, “ton " n“ ** aevere during the early stage of 

rttzome development. Similar observation were recorded by Inderasenan and Paily (1973) 

SbZ P>-'- mfeciion was 
86. 70. 56. 36 and 30% respectively. Symptoms expression was also quicker in 4.6 and 8 

weeks old plants. Mature plants and rhizomes where not easily infected. These obsevations 
confirm the observations of the present author. 





£HAPTFR IfX 

nmopucTTo^^ 


cen wall and Jdd.e ,a J„a Te d^^' 7““"' ■" 

cell walls and middle lamella occurs invirbr™ of 

.cporied for soft ro., dry ro. siora J o w , JT'” 

,. . , / ‘’■'ghts etc. The degradation factor make 

the involvement of cellulolytic and • . . 

tn thp I f u ^ zymes imperative in pathogenisis and thus leads 

to Ae loss of coherence between the cells. Further investigations in pathogenisis have shown 

a are a constant feature in host pathogen interacdon. However, non patho- 

gentc fungt and bactena have been found to produce pectolytic and cellulolytic enzymes in 
cu ure. ence, these aspects show that there is no obligatory relationship of a micro or- 
gantsm tts ab.l.ty to produce peetolydc and cellulolytic enzymes and the pathogenic ca- 
pa times buf they am certainly involved during pathogenisis in some way or the odtel Pectic 
and celluloly ttc enzyme production is one of the several properties of pathogen. They are 
t ete ore regarded as the complex of factors involved in pathogenisis. Therefore in this part 
^ oth pectiC and cellulolytic enzymes are studies in separate sections. 

SECTtON ‘y- - PECTOl.VTTr FM7vi>|ec 

In this section i yivp and in | vitrn production of various pectolytic enzymes by 
Ea phapidermatnm were studies and described in the following manner : 

Sub-sectinn 


InyivQ studies of Pectic enzymes. 

Su b-section *b’;Tnvitrp studies of Pectic enzymes under various cultural conditions. 

Sub..seclinn V’- 


IHiilia studies of Pectic enzymes in presence of growth Regulators and Fungicides. 
S ECTION ‘B’; - CELLHI.oi VTir FMyyfff ^ 

In this section iudliC and iavitta studies of ceUulolytie enzymes have been described 
in the following lines: 

Sub-section ‘a’r 

In vivQ studies of cellulolytic enzymes 
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Sub-section ‘h>; 

iR-yitrQ studies of cellulolvtic enrvmAo 

luiuiyuc enzymes under various cultural conditions 

Sub-section 


iB-yitro studies of cellulolytic 

cides. 


enzymes in presence of Growth Regulators and Fungi- 
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gHAPTFI^ X 

lNTRnniirTI<^M 


organic acid. They are ,2 Tin “«™ 

..ycosidic iinhage:.!: ItT.: 7" ^ 

Caicin™ or Magnesium aaU hridges. ■ al “, r 
pectate and polypecute Thevareth k ™'"'arions cations to form 

f C , ^""'’'‘^'’Oxyl chains not esterified. Pectic substances free 

from methyl groups is called “Pectic acid” When . i, ■ suostances free 

. vj u. . octicacid When small portions of carboxyl erouns are 

estenfied which is les«; than i^c/ ^ ^ ® ^ups are 

men IS less than 75%, the substance is called as “Pectenic acid". When relatively 

high proportion i.e., more than 75%nfthAi^ki ^ 

called “Pectin" Th • ^ are esterified the substance is 

cabled Pe b„ . The water insoluble paient substances i„ the primary wall are collectively 

re -ed as Protopectinl This is soluble i„ dilute acids and yield Pectinic Acid. The ^ 

bility of Protopectinmay he due to its existance as a polygalacturonide. 

Plant TT ® manifestation induced in 

L the r I ft ™ <***«) substantiated 

y e researches of Jones (1901) and of Brown (1915). PectolyUc enzyme obviously play 

Of pal . '“r ™ «-p' n 

off pathogen is involved in pathogenesis Hancock ^.(1966), Bateman & Miller (1966) 
Mellano su, ,(1970). The importance of pectic enzymes in soft rot disease caused by P 

Winstead & Me Combs (1961). Physiology of para- 
smsm of the pathogen has also been worked out by Indrasenan & Paily (1982) on soft rot 
0 ginger. Successful penetration and establishment by die pathogen is accomphshed by the 
elaboration of pectic enzymes in the cucumber host. 

Conclusively , Pectic substances are high molecular acid polysaccharides Pectic 
matenal consPtute some of the more abundant polysaccharide in cell walls of higher plants 
and they are regarded generally as the principle constituents of the inter cellular cement or 
middle lameUar structure in plant tissue, fectic substances are composed primarily of Unear 
polymeric chain of D-galacturonic acid linked as a ,,glycoside and containing carboxyl 
groups either not esterified (pectic acid) or estenfied to different degree with methanol 
(pecnnic acid and pectin).Jansen (1951) have found that there is a combined action of PG 
& PE during the maceration of Potato. Ayres et.al,(1952) have given the influence of cultural 
condioon on Pectolytic enzyme production “in vitro" Wood & Gupta (1958) studied the 
physiology and parasitism of R debarvanum Gupta (1956) has also studies the cultural 
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conditions and their effect on the secretion of pectic enzymes of the above pathogen. He 
found that glucose, fructose and mannose were equally suitable for growth and enzyme 
production. 

The occurrence of such a wide range of pectic substances involved were complex of 
pectolytic enzymes. The pectic enzymes involved are generally characterised as 
Protopectinase, Pectin Methyl Esterase, (PME), Pectic Methyl Galactronase (PMG), Poly 
Galactronase (PG), and Transeliminases or lyases depending upon 

the nature of substrate undergoing enzyme action. The specific detail of action of these 
enzymes are being described below: 

On the whole all the above pectic enzymes may be classified as 

1. Protopectinases (macerating enzymes) 

2. Pectin Methyl Esterases. 

3. Chain splitting enzyme - 

(i) Glycosidases (acting at low pH) 

a. Poly Methyl Galactronase (PMG) 

(Substrate Pectin) 

b. Poly Galactonase (PG) 

(Substrate Sodium Poly Pectate) 

ii) Trans Eliminases or Lyases (acting at high pH) 

a. Pectin Methyl Transeliminase (PMTE) 

(Substrate Pectin) 

b. Polygalactronase - Transeliminase (PGTE) 

(Substrate Sodium Polypectate). 

Production of Pectic enzyme invivo was studied in healthy as well as on diseased tissue 
of the host by Indrasenan & Paily (1982). 

PROTOPECTINASE 

Insoluble pectic substances are known as Protopectin and are mainly present in primary 
cell wall Protopectinase are the enzymes that converts protopectin into a soluble product. 
F.R. Davsion & J.J. Willaman (1927). Protopectinase assessed in terms of time taken (reaction 
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time) for disc of turgid potato tuber .5 
after immersion in the test solution. 


mm thick and 8mm in diameter to loss of coherence 


iTracnrr 'T 

t , potato tissue by culture filtrates of P 

nrt "" ■“ 1" a 

Brown (1915) & Mellano e. al (.970), Wood & Gnpra (.958) observed tha, parenchyn^ 
o po a,o ,uber was macerated by the culture filtrate ofEAba tya n um . Bateman (1963) was 

of the view that macerating activity was not 

a h T ■ Indrasenan and Paily (1982) found that E. 

aphaniderm^f^im produce large auantinV? nf tVifac^ « • ^ 

incapable of mar f ^ enzymes in young cultures, but these were 

incapable of macerating susceptible tissue. Winstead & Me Combs (1961) were also of the 
same conclusion. Charvarty & Srivastava nofi 4 \ fn /\ f 

^ free macerauon of potato tissue bv 

young culture filtrates of P. anhanidemir,,,... ^ 


PECTIN MFT HYL FSTFRattpo 

synonyms : Pectates,PectinMethoxylase,Pectinde Methoxylases, 
Pectin esterases 


Enzymes of this group remove the methoxyl group of pectic or pectinic acids to yield 
pecuc acids. PME of fungi generally have a lower optimum pH for activity and are less 
influenced by the presence of salts in the reaction mixtures. 

Hie action of pectin methyl estrase on pectin increases the rate at which the x-1,4 bonds 
of a pectic substances are cleared by those enzymes that are more reactive with pectic sub- 
stances. PE's is used to describe the enzyme that de esterifies pectin. It catalyzes the hydroly- 
sis of the ester bonds of pectic substances to yield methanol and pectic or pectinic acids. The 
name pectate was given by Fremmy (1840). 


The action of these enzymes is assayed by measuring the increase in - COOH groups, 
the increase in CH30H, the increase in sensitivity towards electrolyte (coagulation, gelation) 
decrease in viscosity etc., PEs are highly specific enzyme soponify almost exclusively the 

methyl ester groups of pectic substances. 

Denei & Stutz (1958) are of the view that they are also found in culture fluids and 
regarded them to be adaptive ( inducible) enzyme. 

PME activity of p. aphanidemiatlim was not observed injunsi after 4 days of incubation 
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in different media, by Indrasenan & Paily (1982). 

Charvarty & Srivastava (1964) has stated that PME has very significant role in mac- 
eration of the host cell by R aphanidermatnm Winstead and Me Combs (1961) has also come 
to the same conclusion. 

Muthuswamy (1972) could not detect PME activity in vitrn in infected tissues by P. 
aphanidermatum . 

Winstead & Me Combs (1961) found that there was no PME in the culture . Filtrates 
from diseased cucumber fruits contained PME. Extracts of healthy cucumber also contain 
PME. Culture filtrates were always negative for PME activity. No PME was detected after 
7 or 14 days growth Bell (1951) have also found PME in healthy cucumber fruit, .pa 

POLYGALACTRONASF 

■SYNQN YME$ : Pectinase, Pectolases, Pectin Glycosidases, Pectin De polymerase etc. 

PGs hydrolyzes the x - 1,4 glycosidic linkages of pectic substance.The action of these 
enzymes is assayed by measuring the increase in - CHO group, the decrease in molecular 
weight, the increase in mono & oligogalactronic acids, the decrease in optical activity, the 
decrease in viscocity, coagulability and jellying power etc. 

Demain & Phaff (1957) distinguished between the polygaloctronases preferring pectic 
acid or de-esterified parts of pectinic acid, as substrate and pectin methyl galactronase (PMG) 

. They further distinguished those polygalactronase as whether to cause cleavages in gly- 
cosidic linkages at random by an endotype of poly galactronase or polymethyl galactronase 
or an exotype of action in which only the end linkages are preferred. 

Endo PG involvement has been found in vitro in culture media of P. aphanidermatum 
even within two days after its growth though varied with different media and days Indrasenan 
& Paily (1982) .They observed that conn’s medium was the best for maximum enzyme 
production among five different media employed by them. Endo PG was noted by them on 
4th day in different culture filtrates. They have also noticed its presence in vivo and 
thus are of the view that it plays a decisive role in tissue maceration. 

Winstead & Me Comb (1961) found that in filtrates from cultures of P. aphanidermatum 
grown on media containing glucose os the carbon source markedly reducedthe viscocity of 
Sodium poly pectate. 

PECTIN TRANS ELIMENASE 

The discovery of PTE was made by Albcrsheim et al (1960) PTE splits the pectic chain 
by a trans- eliminative mechanism. The enzyme breaks the glycosidic linkages of pectin at 


accompanied by a simultaneous elimination of H" from Cj. Wood (1970) further classified 
these enzymes attacking preferably esterified or non esterified parts of the chains terminally 
(exo) or at random (endo). The viscocity reducing splits results in oligouronides 

which terminates in a modified ^ — unsaturated galactomethyl unit. The ability of 
the PTE to attack pectin varies with the degree of esterification of galacturonic acid chain, 
chain length and structural variation in the chain Albershiem & Killias (1962). Indrasenan 
& Paily (1982) have also recorded the production of these enzymes in vitro in varying con- 
centrations on different media inoculated with P. anhanldfirmatnm 

From the above description it is evident that the pectic enzymes plays an important role 
during pathogenicity within the host tissue. 

With the above consideration the study in this section was planned under the following 

lines; 

Sub-section (a) : In vivo studies of pectic enzymes 

Under this sub section the presence and activity of pectolytic enzyme was studied both 
in healthy rhizomes and in the diseased rhizomes inoculated with Pvthium aphanidermatum. 

Sub section (b) : In vitro studies of Pectic enzymes under 

various cultural condition 

Under this sub section the capacity of pectolytic enzyme production by P. 
aphanidermatum was studied under varying cultural conditions ie., in different media, incu- 
bation period and the effect of pH. 

Sub-section (c); In vitro studies of Pectic enzymes in presence of Growth Regulators 

^ Fun gi c i d e s : 

Under this sub-section the effect of various plant growth regulators, and fungicides were 
studied on the pectolytic enzyme produced by P.aphanidermatum . 


^PTF,R U 

KEviFwnrTHniTrniTrrr 

The pectic enzymes plays an disinmgration and thus involved 

Ba«man & Millar (1966) pecTc enal ' “* “ ''' ^ 

Capellin a966W h • ^ ® found in the healthy tissue . 

C^l m (1966) found achve sectedon of PG by Ehkppus Slolnpifer which occnrmd during 

d«^uve ^owth phase and ceased prior to the atialnmen. of maximum growdt. Tribe (1955 
while working with the Drenarfltmn r> • inDeuy:):>) 

metabolite which k, -a ^ieniitn arjndeae fi Rntrytis cinrren found that a 

metabohte. wh.ch presumably was an enzyme, hills the protoplasm. Pectic enzymes of 

P ssniiomonas sol^n a cearum play important rnlp in tu 

tissues (Husain & Kelman. 1950). 

bv Pyth'^'^'^T °?'™ P>'="°™"on in the syndrome of disease caused 

ymMmrn^mkmmnL (Brown, 1915). It is caused by dissolution of middle lamella 

BarJrmeT^ substance resulting in the loss of coherence of plant tissues. De 

a^ ( 1886), whtle worktng on extracts of rotten tissue infected with Sgtolim enzyme 
may be utvolved tn the pathological manifestation induced in plant tissue by pathogenic tjcro 
organtsm. Jones (1901) suggested soft rotting bacteria responsible for break down of infected 
tissue. Bateman (1963 )worked on the pectolytic enzymes of Mizoctonia solani m culture 
ftlrirate and extract of infected tissues of beans. He concluded that the pmsence of higher 
activtty of extra cellular enzymes in maceration and development of rots in bean seedling 
P ayed significant role in the disease. Hancock et al (1964 ) found that onion rot organism 
'tiZ-Ql rvtlS alba B. cinerea ft, P squamnen produced pectolytic enzymes in vitro and in vivo 

Brown (1915) while working on showed active enzyme pieparation 

present in young mycelia as well as in broth media. Gupta (1956) observed that pectic 
enzymes of E ghipm debarYSnnm . were stimulated by adding NaCl in the culture media 
Waggoner & Dimond (1955) found that Fusarium oxvsnor,.m 

polygalactronase and pectic methyl esterase on pectic medium. They recorded direct relation 
ship in growth and enzyme production, and concluded that PG & PME were supposed to be 
active during pathogenesis. Durajraj (1959) found high activity of pectic enzymes avto 
tn Ctmtrast to luiyfl. whUe working with the chillies rot organism. Colletotrichiim ransici 
Keen & Horton (1966) worked on terrestri and reported that PG & PE were 

synthesized in liquid culture media and also in infected roots. Gupta & Gupta (1967) studied 
Ae wilt disease of paddy and pea crop caused by Gibberella fnjiknmi and found active pro- 
duction of pectolytic enzymes on synthetic media, which were found to be adaptive in nature. 


[ 45 ] 


Cole (1956) studied the rolp nfno^f- 

Sdemiium fructigenR ^ enzymes in pathogenicity of tovtis cinprra 

S.ucose and an,„oni„„ 

pressed if appie exirac. was adderri' ^ “““ 

rtf* • lutn. From this he concluded that there were 

some factors in annle iuirp wh,VK 

f ^ u ^tagonistic to enzyme activity Singh & Wood (19561 

confirmed the findings of Cole h„ ci, • . y ^ cc wood (1956) 

*• showing that Fusarium mnnilifr.rmg» secreted 

,h„„ ,u„ r , ^ was higher in vivo preparation 

than that of any of the cultare filtrates of Ehiam«er. 

Sherwood (1966) while working on EUzoafloa^ found correlation of pH to the 
P^odu non Of pecdc enayrees . Hancock et al (1966) found a. pH6.2 to 1 d. Lo apt 

H ^ tn case Of WotKl (1960) reported that pectic enaytnes tnay 

be secreted tn the absence of soluble or insoluble pectic substances. 

Hancock (1966) ; Bateman (1966) and Mellano et al (1970) reported that pectolytic 
enaytnes activity of root rot and damping off pathogen is invoived in pathogenesis Pectic 
enzymes of various parasitic fungi was studied by Menon (1934) Fernando ( .937) worked 

on ^cttnase enzyme of some pathogen. Paff (1947) showed that Penicillinm t-h,w.o„ 

produced exo cellular pectic enzyme and that polygalactronase and pectin methyl esterases 
were a aptively produced. Sherwood (1964) was able to observe the production of PMTE 
in case of Ek KOCtonia solani and certain other fungi. Miller (1965) also observed 
GTE producnon by Eus arium specie; which was isolated from alfa alfa roots. Ayers & 
Papaviazas (1965) worked on pathogenecity of EhizaaoiM species &found no correlation 
toween their virulence and the enzymes of various isolates ii^ Ayers & Papaviazas 
(1966) woriced on different isolates of Eusarium oxvsnnrium f o^tn-t Ashours (1954) made 
a comparattve study of pectinase production in . Botrvtis cinera A Py.hj,,^ 

The subject has also been very extensively reviewed by Brown (1936, 1965) Wood 

(1960) Sadasivan & Subramaniam (1963-64) & Bateman & Millar (1966) and the 

enzymologtcal approach of pectic enzymes have been very well described by Lineweaver and 
Tansen (1951). 

Effect of fungicides and antibiotics on pectolytic enzyme activity of Rhiznrtnn,-f. 
lialaiiCQla has been described by Goel & Mehrotra (1973 , 1974). 
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CHAPTER XTT 
INTRODUCTION 

IMIVO STII PIES OF PECTTC ENZYMES 


Among the various cell wall degrading enzymes the pectolytic ones are considered to 
be of greater importance during the pathogenesis caused by fungal pathogens. Demethylation, 
hydrolytic or non-hydrolytic cleavage of chains of pectic substances as a result of the activity 
of various pectic enzymes often lead to irreversible changes in the cell wall composition of 
the host. The events are then followed by the development of disease syndrome. The se- 
cretion of these enzymes in the disease host tissues and in culture filtrate of many phytopatho- 
genic fungi and their direct or indirect involvements in pathogenesis has already been estab- 
lished. In the present investigation the existance and activity of various pectic enzymes in 
healthy rhizomes and in Pvthium aphanidermatum infected rhizomes have been studied. 
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OlAPTFR xm 
EXPFRUmri^j^j 
Of extracts from healthy 

The healthy rhizomes were surface sterili7pH hv h- • u • 

rr::rr:;.“:::;r"r“ 

teninrugea tor 20 minutes at 4000 mm 

diaivsed Thk . ,, supernatant liquid was then collected and 

r:::; :::? ™ -- 

of extract fmm 

y rhizomes were first surface stenlised by dipping them in . 1 % Hg C12 solution 

1“ IT " r “r" ~ 

0 5mm shces wtth a sterilised blade, than ascepdcally transferred to the inoculum of the 
pathogen kept ready and prepared as under: 

Inoculum was taken from the edge of 2-3 days old colony or the rhizome was placed 

tn the sand oat meal inoculum as described in Chapter VI and kept in a 250 ml conical flask 

oand mcuba^d at 26 C. These infected rhizomes were used for enzymatic study after 5 days 

ays 0 incubatton penod. There replicates were taken simultaneously Uninoculated 
rhizomes were taken as control. 

About 5 gms of the rotten tissue was taken, crushed in a mixer in equal volumes of 
srenhzed 0.25 N solution of NaCl for about 5 minutes at room temperatute. The homogenate 

anm ' centrifuged for 20 minutes at 

4000 tpm. The supernatant liquid was then collected and dialysed. This extract was taken 

as enzyme preparation and ■ was used for enzyme study.lt was stored and feezed at 4°C and 

enzy^nc studies completed within 3 days. In each case a sm^l rotten portion was placed ' 

in petndtsh contaimng PDA . to reisolote the pathogen so as to confrnn infection and detect ' 
contamination if any. 

The enzyme preparation obtained from healthy and diseased rhizome were subjected 
tovanous enzymatic assay for the activity of Protopectinase, Pectin Methyl Estrase 
Poly Methyl Galacttonase Tmns - Elinunase atxl P«ttin Methyl Trans-EIiminase as under’ 

Studies on ProtopRctin^cp- 

For this fully turgid potato were emerged in the test solution in a breaker of 100 ml 
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Enzyme preparation was buffered at th^ ^ tt . 

The .eachon co„.a,e,T ‘I:" 

cul to a dia of 8 mm with a cork h„r ' a < ' 

emerged in the above solution To T 

coherence in tissue disc. This was or” 

the disc was not lifted the time for 'Tt 1 

of 5 disc & was termed as “Reaction le” • Th" 

, ■ action time. The macerating enzyme activitv wnc 

determined as 1000/t where t - th« »• • & ^ ctivity was 

- the time required for total loss of coherence. 

Reaction time is recorded in Table VIII. 

2. ^ tndies on Pectin Methy l Poternr- 

•th th 1, measuied by the titration of the reaction mixture with .02 N NaOH 

talc! b “ ^ ' N NaOH was 

as substrate. 30 mi of the substrate was taken and added with 4.5 ml of enzyme 

preparatton and the pH of the reaction mixture recorded immediately as at the 0 hrs. After 

reacnon nme of 10, 20, 40 and 100 minutes the pH of the reaction mixture changes and it 

was note . e enzyme substrate mixture was then titrated with .02 N NaOH to the pH 

r^oMed at 0 hrs and the amount of NaoH required was noted at each interval of incubation 

e data recorded as micro equivalent of NaOH used at reaction time t/ml filtrate and re- 
ciprocated to 1000. 


REAatT= .02NNaOH 


4.5 


X 1000 


REA - Relative enzyme activity 

T = Reaction time. 


Studies are given in table IX. 

Sm dies on Pectin Methyl r,alarponas£T he enzyme activity was studied using 
Ostwald Viscometer. The substrate consist of : 

1.2% Citrous pectin solution 

The enzyme reaction mixture consists of : 

Citrous pectin solution — 3.5 ml 

— Macllvain Buffer ( 5.5 pH) — 1.5 ml 

— Distill water _ 1.5^1 

— Enzyme preparation -1.5 ml 
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Viscometer were fixed vpifiraii,, • 

pour^l in d,e bulb in ihe same sequence. EfZLr„r '' 

at 5,15,30,60 & 90 minutes Ibis is refe rt “ ="^y™ faction mix was detemiined 

enzyme extract was run ' “ “““‘slaved 

calculated according to the following formula : 


% Loss in Viscocity = 


Et - Et 


Et„ - Et 

O u 


X 100 


WhereEt^= Efflux time at 0 hrs. 
Et, = Efflux time at time t. 


— Efflux time for water 
The results are observed in table X. 


^h<jies on Polv fi alactrnnasetPrTV 

In this case the substrate was 1.2% solution of Sodium Poly Pectate and 
consist of — 


reaction mix 


1.2% Sodium poly Pectate = 3.5 ml 

Macllvain Buffer = 1.5 ml 

Distill water _ j 5 

Enzyme preparation = 1.5 ml 

Reaction time at 5,15,30,60 & 90 minutes was studies for percent loss in viscocity and 
relative enzyme activity are recorded in table XI. 

pn Pply galactrona,se Tran<! E liminaRf=- 

Enzyme activity was analysed by viscometer and percent loss in viscocity was noticed. 
The substrate used was 1.2% sod. poly pectate solution at pH 8 . 

The enzyme reaction mixture consist of 


1.2% Sod. poly pectate = 3.5 ml 
Distill Water = 1.5 ml 

Buffer pH 8 =1.5 ml 

Enzyme preparation = 1.5 ml 


The enzyme determination of the oercent incc r.f ■ 

, , ^ ^ '^^scocity and relative enzvme activifv 

were calculated according to the following formula : e enzyme activity 

% Loss in Viscocity - - j, jqq 

Et - Et 

o ^ 

WhereEt^= Efflux time at 0 hrs. 

Et, = Efflux time at time t. 

Et,^ = Efflux time for water 

PGTE activity is observed in the table XII. \ 

^•.S.tUdics bn Pect in Mcthvl Tran. 

etencally enzyme was assayed using 1.2% pectin solution at pH8 Enzyme 
reaction mix consist of - ^^Ji^yme 


1.2 % pectic solution 
Distill water 
Buffer pH8 
Enzyme extract 
Calculation of the efflux time is 


= 3.5 ml 
= 1.5 ml 
= 1.5 ml 
= 1.5 ml 

same as above. Observations recorded in Table XIII. 
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Observations were made for the production and activity of Protopectinase, Pectin 
Methyl Estrase, Polygalactronase, Pectin Methyl Galactronase, Poly Galactronase 
Transehminase and Pectin Methyl Trans-Eliminase. The results obtained are tabulated in the 
tables VIII - XIII & Fig. VI-XIII. 

The macerating activity of the enzyme Protopectinase was determined on potato disc 
when dipped in filtrates obtained from healthy and diseased rhizome infected by P. 
sphanidgr r natum ^ The healthy rhizome extract was unable to produce loss of coherence in 
potato discs upto 5 hrs the time for which observations were made. However, filtrates 
obtained from the infected rhizomes Protopectinase activity was noticed. The activity was 
higher after 5 days of incubation as compared to that of 10 days ( Table VIII). 

PME activity was also quite insignificant in fresh rhizomes. However infected rhizomes 
did produce some enzyme activity. Theactivity was higher after 5 days of incubation as 
compared to 10 days of incubation. Similar were the results of Winstead & Me Combs 
(1961), Bell (1951). Increasing the reaction time the enzyme substrate mixture after 10, 20, 

40 & 100 minutes did not produce any change in the percentage loss in viscocity ( Table - 
IX). 

Enzyme activity for PG, showed a higher activity after 5 days of incubation . The fresh 
ginger rhizome also gave PG activity which was slightly lower than that obtained after 10 
days of incubation ( Table XI, Fig. VI & VII). 

Enzyme activity in case of PMG, PMTE & PGTE was found to be increased after 10 
days of incubation as compared to that of 5 days . Here again the fresh rhizomes did show 
the enzyme activity but was not very significant when compared with the diseased rhizome. ’ 

( Table X, XII & XIII, Fig. VIII - XIII). 

From the above results it appears that glycosidases are more active than transeliminases 
during pathogenesis. Regarding the affect of incubation period it was noticed that 
Protopectinase, P.M.E. & P.G. showed maximum activity on 5 days infected rhizome while 
PMG, PGTE & PMTE showed maximum activity on 10 days old infected rhizomes. 
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CHAPTER XV 

HISCUSSTON & coNn 


The involvement of Pectic enzymes during pathogenesis of ginger rhizomes, the pro- 
duction & activity of various pectic enzymes in healthy and diseased rhizomes were inves- 
tigated. 

Pectic Enzymes in healthy rhiznmp.; - 

The extracts of healthy rhizomes showed the presence of 4 pectic. enzymes namely PG, 
PMG, PGTE & PMTE and slight activity of PME . Though the enzyme activity was not 
very significant when compared with the diseased rhizome. However PG was more active 
than the others. The presence of Glycosidases and lipases in certain healthy tissue have also 
been reported by Kertez (1951). PG activity was observed by Rai (1971) in healthy Pappaya 
fruits while Ali (1970) noticed only PME in healthy chilli fruits.. Thus, the presence of 
various pectic enzymes as observed by the author is in line with the investigations of the 
above workers. Pectic substances undergo changes during the development of 
ginger rhizome and thus pectic enzyme activity observed by the author may be associated 
with the above changes during the development and ripening i.e., the so called Protopectin 
- pectin transformation. 

Pectic Enzyme in Infected Rhizome : 

The enzyme activity of all the six enzymesstudied showed much greater activity in 
diseased tissue as compared to the healthy one . From these results it can be concluded that 
the development of soft rot of ginger was associated with the increased activity of pectolytic 
enzyme. The presence of higher degree of pectolytic enzyme in diseased tissue has been 
recorded by many workers. Ali ( 1970), Rai (1971),Kertesz(1951), Indrasenan & Paily (1982)^ 
Winstead & McCombs(1961) , Bateman & Millar (1966), Husain & Kelman (1957). The 
observations of these workers lead to similar conclusion that pectic enzyme play important 
role in pathogenesis. 

Comparatively higher activity of glycosidases than transeliminases suggest that the 
cleavage of both methylated and non methylated pectic chains are more activated by hydro- 
lytic enzymes in infected rhizomes. 




CHAPTFR YV] 

INTRoniirTTON 

MYITRO STUOTFS OF PEm c enzyme 
UNDER VARIOUS CTif lURAL coNmTioNs 

Certain parasites such as _B.Otrvtis cinere a & Bacterium ariodae produce pectolytic 
enzymes on a great variety of media, natural or synthetic and over a wide range of conditions. 

In the case of Bythium dg Baryanym, the earlier workers Chona (1932), Menon (1934) & 
Fernando (1937) who studied the physiology of this fungus prepared active extract from 
parasitized potato tissue. Later^ Ashour (1949, 1954) developed a synthetic medium, based 
upon the crude chemical composition of potato tubers, which was suitable for enzyme pro- 
duction. The notable feature of this medium being that any change upwards or downwards 
in concentration of its constituents caused a pronounced fall off in secretion of enzyme. 

Darnel (1952), while working with Ashours synthetic medium found that active secretion 
of enzyme was not obtained unless the glucose constituents was autoclaved with phosphate 
(KjPO^) & KjHPO^). Autoclaving with acid phosphate was in effective even when the medium 
was subsequently adjusted to a pH favourable for the gi’owth of the fungus.Damel(1952)noted 
that when the medium was prepared in such a way that the carbohydrates (glucose & Fruc- 
tose) was autoclaved with tribasic or dibasic phosphate (with or without other constituents) 
it developed a yellow to brown colour . Hence,colouration was a sign that the medium was 
suitable for vigorous secretion of enzyme. 

Gupta S.C. (1956), found that active culture filtrates were obtained only when the 
carbon and nitrogen constituents of synthetic media were carefully balanced. Enzyme se- 
cretion was increased when Sodium Chloride was added and when the medium containing 
glucose as the carbon soui'ce was autoclaved at relatively high pH values. Less active filtrates 
were obtained when glucose was replaced by a high methoxyl pectin. 

The capacity of Botrvtis allL B. cinera■^B. squamosa to produce pectolytic enzymes in 
Potato Dextrose Broth (PDB) in detached onion leaf sections, and in leaves of intact onion 
plants was examined by Hancock, J.G., R.L. Millar, and J.W. Lorbeen (1964). All the 3 
species produced Pectin Methyl Esterase under these conditions. B. alii produced enzymes 
of the PG type, only in trace amounts when cultured in PDB, but production ofbothexo and 
endogalactronase in detached leaves and leaves of intact onions. B. cinerea produced a very 
active endo-PG under all 3 cultural conditions. Exo-PG was produced on detached onion 
leaves,. The activity of exo-PG was much less in extracted materials from leaves. 
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Producaon of pecuc enzymes by paftogenio fungi i„ culture medium has been dem- 
onsaated by many workem as Usmd above. During these studies it has been observed dtat 
the secrehon of enzymes by fuugi i„ culture are largely influeuced by various componeuts 
present m t e media. The vanous components of the medium variously influence the pro- 
duction of enzymes. The other factors not related to the components are the pH of the 
medium, the incubation period, and the temperature of incubation. Since 
the disease develops at a lower temperature i.e., 26 ± 2“C was thought to observe the de-’ 
vdopment of various pectic enzymes on the same temperatute. The pH of the soil changes 
from place to place i.e., varies according to the soil as such. It was desirable to find out the 
enzymes, therefore the studies were aimed for various culture medium and incubation period 
The incubation period was the one which was favourable to the disease development. The 
efect of different pH in the finally selected media was carried out in the present study. 


■CHaptfb XVII 
EXPF.RIMFnitai 

Still culture, of the pathogeu were grown in broth media in 100 ml conical flask con- 
taining 35 ml of the medium andj^ M with t l^athogen. Tie flask wete incubated at 
26- C m triplicates. After 5 days the culture filtrate and mycelial mat was collected separately 
by filtration under suction on previously weighted ftlter paper . Tltese cell free filtrates were 
than centrifuged at 4000 rpm for 20 miuute^and the supernatant liquid was taken for enayme 
preparaUon and if required stored at 4- C for short period. The myceUal mat collected wete 
given a thorough washing with distill water . These ftlter papers with mycelial mat were 
then placed in oven at 70” C and dried to constant weight. The dry weight of the mycelia 
was calculated. These studies were carried out to determine the influence of various cultural 

conditions upon the capacity of enzyme production of the pathogen as well as upon the 
growth of the pathogen. 

Different culture media taken for the study are - 


a. 


Potato Dextrose^ Agar>. Peptone Dextrose<^ar 

V: . V. 


c. Glucose Asparagine 

d. Czapecks Dox. 


Methods for Enzvme Assay : 

Enzyme extracts thus obtained from the various sources were assayed for the estimation 
of Protopectinase, Pectin Methyl estrase, Pectin Methyl Galactronase, Poly Galactronase, 
Poly Galactronase Trans Eliminase, Pectin methyl Trans Eliminase. To measure the enzyme 
activity the methods used were same as in the previous section. 

Effect of nH: 

The pathogens were grown in Glucose Asparaginsmedium with pH range from 2.5 - 
12. The pH of the medium was adjusted with .IN NaOH and .1 N HCl and buffered with 
Macllvain Buffer of the 

desired pH for values upto pH 8 and with standard Phospahate buffer . 


For higher values, incubation was done upto 5 days at 26 ± T C. The extraction of 
enzymeswith the method of enzyme assay was the same as described previously. ^ 


CHaptfb XYIII 

s es<ii,ts and oBFFi^Y A Trr r 


bvR 



The effect of culture media on ProtopecUnase, PG, PMG, PGTE & PMTE were ob- 

XTV xy obtained ate recorded in ( Table XIV - XXn Fig. 

XIV - XXXVII) for 5 & 10 days of incubation period. 


The above result show that the amount of activity of these enzymes were variable 

Protopectmase activity was found to be best on 5th day of incubation period and reduced 

as the incubation penod was increased to 10 days maximum activity was recoided on Potato 

Dextrose followed by Czapecks Dox, Peptone Dextrose and Glucose Asparagin 
respectively.(TabIe XIV) 


No PME activity in_ yitr p was observed on all the 4 medium tested either after 5 days 
or after 10 days of incubation. 

The data recorded for PG activity, showed that maximum activity was observed on 
Glucose Asparaginemedium,. Peptone Dextrose was next followed by Czapecks Dox and 
the least activity was recorded in Potato Dextrose Medium. The activity was {ea^,pronounced 
after 5 days of incubation, as compared to the 10th day except in Glucose Asparagine.where 
the activity was more in 10th day culture filtrate as compared to the 5th day. (Table XVI & 
Fig XXII - XXV). 

The production of another Glycosidases (PMG) was however found to be favoured 
most in Czapecks Dox after 5 days of incubation and in Glucose Asparagintafter 10 days of 
incubation. Here both these mediums gave good results as compared to Peptone Dextrose 
and Potato Dextrose. (TableXV & Fig. XIV - XVII). 

With regards to the production of transeliminases it was observed that Glucose 
Asparagimproduced the maximum amount of PGTE followed by Peptone Dextrose. Here 
the activity was higher in 10 days of incubation as compared to the 5th day in all the 4 
mediums studied. Table XVII.& Fig XVIII - XXL 

While studying the response of various medium for PMTE production it was observed 
that Glucose Asparagineproduced the maximum amount of PMTE followed by Czapecks Dox 
and Peptone Dextrose. 


■r^e enzyme activity was higher on lOth day of incnhation as compared to 5th days of 
incubation periods. Table XVIII & Fig. XXVI - XXIX 

It is Clear from the above data that produced variabie pectic en- 

zyr^s under d.ffemnt rncuhation period and with diffemn. culture media. Glucose Asparagina 
medtum was proved to be the best for PG. PMG. PGTE & PMTE. Incubation periL of 5 

days however appears to be optimum for PG & PMG activity while 10 days was found to 
be optimum for PGTE & PMTE activity. 



culture filrtates 


The data recorded on the various culture medium studied above show that 
Protopectinase activity was not very significant and - 

- PME activity was not at all observed in any of the medium,. Thus the studies on two 
enzymes were not undertaken while studying the pH. The results showing the affect of pH 
of the culture media on the production of PG, PMG, PGTE & PMTE are given in table XIX 
XX, XXI, XXII & Fig.XXX-XXXVII. 


It is evident from the data recorded in Tables XIX & XX both the glycosidases PG & 
PMG were actively produced at pH range 3-7. The maximum activity was recorded at pH 
4 & 5 respectively. Comparatively PMG was more sensitive than PG to alkaline pH range 
as no PMG activity was observed beyond pH8 whereas PG activity observed at pH9. 

The production of Transeliminases was however favoured in the alkaline range of the 
medium. The maximum activity of both PGTE & PMTE was observed at pH 8-9 in both the 
cases. Table XXI, XXII Fig. XXXIV-XXXVII. - 

-The pH range below 8 and above 9 appear to be very much unfavourable for those 

enzymes. PGTE was more active tham PMTE and relatively PMTE was more sensitive for 
pH changes. 
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EEEECT of di fferent CULIURE HEDIA on poly SALACTROMAP.F TRAWSEL IMNASE 
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PRODUCTION 













PMG activity after 10 DAYS 

incubation 



time in minutes (Fig.XVI) 
a POTATO DEXTROSE + CZAPECKS OOX 
o PEPTONE DEXTROSE a GLUCOSE ASPARAGIN 







PGTE ACTIVITY AFTER 5 DAYS OF 



time in minutes (Fig.XVIll) 

□ POTATO DEXTROSE + CZAPECKS OOX 
« PEPTONE DEXTROSE a GLUCOSE ASPARAGIN 
































i'RODUCTION by P. a Bhanidemahin, 




TIME IN HOURS FIG. (XXX) 

□ pH7 + pHS p pl^g 
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i^APTER XIX 

mSCUSSION AND rONn TiRfr>|\; 


The production of particular enzyme by the pathogen is frequently determined by the 
environmental condition. The various conditions include the composition of the medium, the 
nature of carbon source,incubation period,pH of the medium and so on. Therefore to deter- 
mine the effect of various cultural conditions the present studies were made and the results 
obtained in the previous chapter are discussed below. 

EFFECT OF CULTURAL MRDTA 

Among the various cultural media tested Glucose Asparagin was found to be the most 
favourable than others. For most ofthe enzymes however Proto pectinase activity was more 
in Potato Dextrose. As compared to the other medium Czapecks Dox was the next followed 
by Peptone Dextrose and Glucose Asparagin. Here Glucose Asparagin is least favoured. Five 
days old culture gave the best result. Table XIV PME activity was not found in vitro in all 
the mediums tested either after 5 days or 10 days of incubation. These observations are similar 
to those of Winstead and McComb (1961) and Indrasenan and Paily (1982) 
P.aphanidermatum produced varying amount of PG, PMG,PGTE and PMTE in different 
culture media.Glucose Asparagin was found to be most favourable than others for the pro- 
duction of PG while maximum PG activity was obtained on 5 days Incubation period. Table 
XVI , Fig. XXII & XXV. 

With regard to PMG it was observed that Czapecks Dox was more favourable on 5 
days incubation period and Glucose Asparagin was more favourable on 10 days of incubation 
than the other medium tested. Table XV, Fig. XIV to XVII. 

Regarding the effect of various culture media on the production of 2 transeliminases 
it was found that Glucose Asparagin was more favourable as compared to the other medium.- 

-Maximum activity was observed in both the cases after 10 days of incubation Table 
XVII & XVIII Fig. XVIII to XXI & Fig. XXVI to XXIX . On the basis of overall results 
it may be stated that there is most efficient production of Glycosidases than transeliminases. 
On account of the number of factors and mechanisms involved simultaneousely in enzyme 
secretion^ it is difficult to reach on a definite conclusion with regard to any specific factors. 
However on the basis of the results in the present study it may be mentioned that overall 
performance was best and 10 days of incubation could be considered to be optimum for 


U 1 1 >] 


Transeliminases and 5 days for Glycosidases. DuHng the course of study it was also obsetwed 
that however mycelial growth was best on Peptone Dextrose but generally enayme produc- 
uon was less. Thus there can be correlation between the mycelial growth and enzyme pro- 
duction. Glucose appears to be a better carbon source as compared to Dexuose and Sucrose, 
for enzyme production by Ebpl anidemu i m . Similar enzymological study using the various 

culture media for production of various Pectolytic enzyme have been carried out by Ali 
(1970), Rai (1971), 

Indrasenan and Paily(1982) and others. They have also observed 
that different culture media exert variable effect on the Pectic enzyme production in culture. 

The vanation may be probably due to various cultural conditions, including cultural media, 
their constituent, pH and incubation period. 

Effect of pH 

According to Sher wood (1966) Bateman(1966) & Hancock(1966) pH change of the 
media play a significant role in Pectic enzyme production by the pathoaen in vitro W ith 
regards to the effect of the pH it was observed that the production of Glycosidases was 
favoured by the acitic range while alkaline pH supported the synthesis of transeliminases 
.Table XIX , XX, XXI, XXII & Fig. XXX to XXXVIl. Sher wood (1966),Hancock(1966) 
Ali(1970), Rai (1971) have also come to the same conclusions. 









CHAPTER XV 
MTRODHrTTO>| 

JM.VITRO ST^imFS OF PECTTC FN7VMFS 
m . ERE . SENCR OF GROWTH REGULATORS an d FUNGICIDES 

The pectic enzyme produced by pathogenic fungi are variously influenced by a number 
of substances present in the medium A number of substances if added to the medium also 
influence the pectic enzyme production.Gupta (1956), described the effect of cultural con- 
ditions on the secretion of pectic enzymes by P.debarvanum. .Enzyme secretion was increased 
when NaCl was added and the medium contains Glucose as the Carbon source. Similarly 
Sherwood (1966) and Gupta (1956) incorporated Sodium Chloride in synthetic medium 
which which stimulated the activity o f P.debai'vanum . Glucose, Fructose and Mannose were 
also found to be equally suitable for the growth & enzyme production . Sucrose gave good 
growth but poor enzyme production. Galactose gave very poor growth and negligible 
enzyme production. Damle (1952) working with Ashour’s Medium found that active secretion 
of enzyme was not obtained unless the glucose constituent was autoclaved with 
Phosphate(K3P04 & K2P04 ). 

Auto claving with acid phosphate was in effective even when the medium was subse- 
quently adjusted to a pH favourable to the growth of the fungus . The enzyme production 
and its influence on various hexoses studied by Gupta (1956) for Pvthium debarvanum. 
Fernando (1937) studied the effect of Nutrient medium otv the secretion and properties 
of Pectinase. Winstead and Mccomb (1961) observe the effect of CMC, Sodium polypectate 
and macerated filter paper on the Pectic Enzyme production by P.aphanidermatum. 

Thus it is clear that various substances in the environment of plant pathogen regulate 
the production of the Poly sacchride degrading enzymes. Besides carbo hydrates other 
compounds like plant Growth Regulators and Fungicides are also known to control the 
production of various Pectic Enzymes by pathogenesis. 

Number of growth regulators control the synthesis of enzymes.These were also found 
to be involved in several plant diseases caused by the fungal pathogens. The studies con- 
cerning the effect on the synthesis of Pectic Enzymes were however were little. Indole Acetic 
Acids has been found to be a binding agent that regulates the amount of bound and free PME 
in plant cell wall.Glazious (1961) . Although not much work has been done on the effect of 
plant growth regulators on the production and activity of Pectic Enzyme by fungal pathogens 
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Their controlling influence or repressions of Pectic Enzyme synthesis cannot be ruled 
out.Therefore,a study in this direction may prove to be quite rewarding,thus included in this 
chapter. These substances influence the growth of pathogen on one hand and, inhibit the 
growth of pathogen on the other hand. Thus it appears to be useful for present investigation. 

Fungicides are organic compounds which have a direct action against the fungal patho- 
gens. The fungi toxicity in some cases have been attributed to their potentiality for disrupting 
or blocking certain respiratory enzymes.Sisler and Cox (1960), Foot et.al.(1949), Horsefall 
(1956), Grover and Moore (1962),Grover,Goyal and Malhotra (1973-74) have also reported 
that fungicides inhibit production and activity of various pectolytic enzymes. 

Grover (1961) while working with Scleroceium ..sclerotiarum and Botrvtisalli demon- 
strated that the pectolytic enzyme activity in the filtrate of both fungi was reduced to the 
minimum when Phalten and Difolatan were incorporated in the medium. 

Therefore fungicides could be used for inhibitory effect of enzyme activity. Their 
selection could be based on the inhibitory effect of fungal growth followed by test in labo- 
ratories. Sugunakara Reddy, Rao, eLal.(1979) studied the fungicides tolerance of fungi and 
found that the quality of inoculum .nature of inoculum, age of inoculum, pH of the medium 
and concentration of the medium respond indifferently to the fungal effect against the plant 
pathagens.Ramraj and Vidya shekaran (1986) studied the effects of fungicides on the 
Pectolytic enzymes of P.parasitica .Some of these fungicides caused inactivation of enzymes 
at lower concentration(50ppm) But some where also effective at higher concentration (250 
ppm) Goyal & Malhotra (1973-74) studied the effect of some fungicides on Pectolytic and 
Cellulolytic Enzyme production of Rhizoctonia bataticola .They found Ceresan.Thiram and 
Brassicol to be most effective and reduced the enzyme production in the culture media.It was 
interesting to note inhibition or inactivation of pectolytic and cellulotic enzymes could be 
correlated with the efficiency of fungicides to root rot diseases and eliminating the seed born 
infection. From the above account it appears that some fungicides which are selected or 
rejected after lab treatment on the basis of fungal growth might be useless or may prove 
to be better than those that are selected. Based on the above background the present study 
was planned in which the effect of various plant growth regulators and certain fungicides on 
the production of Pectic enzymes by P.aphanidermatum Invitro have been studied. 
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CHAPTER XXI 
EXPERIMENTAL 


1 JEFIECT QF PLAN T GROWTH REOIILators 

Five growth regulators were used for this study. They were 

1. INDOLE ACETIC ACID (lAA) 

2. INDOLE BUTYRIC ACID (IBA) 

3. INDOLE PROPIONIC ACID (IPA) 

4. GIBBERELIC ACID 

5. KINETIN 

The sterilized Glucose Asparaginemedium was selected for the present study since most 
of the enzyme give better results. The above sterilized medium before inoculation was supple- 
mented with 10 ppm. concentration of plant growth regulators. Table XXIII, XXIV, XXV 
& XVI & Fig . XXXVII - XLV. 

2. EFFECT OF FUNGICIDES 

The following fungicides in a concentration of .5% were added in the Glucose 
Asparaginemedium before sterilization. 

1. Thiram .j- 

I, 

2. Brassicol 

3. Blitane 


V 


4. Captane 

The medium were finally inoculated with P.aphanidermatum and 
' incubated for 5days at 26 + 2° C .The extractionof — enzyme preparation and the method 
of enzyme assay were the same as described earlier in the previous chapter. Table XXVII, 
XXVIII, XXIX, XXX & Fig. XLVI - LIII. 

The enzymatic studies were restricted to PG, PMG, PGTE, and PMTE. Protopectinase 
and PME were not selected for these investigations because of their insignificant development 
during the studies in the previous chapters. 

Glucose Asparagint^medium without growth regulators orfungicides was taken as 
control. Triplicates were taken in each case. 
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Effect of lAA, IBA, IPA, Gibberelic acid & Kinetin were studied on the production 
of PG. PMG, PGTE, PMTE. The date obtained are given in the table XXIII, XXIV, XXV, 
XXVI, & Fig. XXXVII-XLV. 

From the data it is revealed that both Glycosidases and transeliminases were consid- 
erably affected by various plant growth substances. None of the hormones increased the 
synthesis of any of the pectic enzyme studied as in no case the activity was greater than that 
of the control . In all the cases when growth regulatory substance was added there was lower 
enzyme activity than that of the control was observed . Comparatively PG 
was less affected as compared to PMG, PMTE, and PGTE. Out of the 5 growth regulators 
IPA & Kinetin caused a substantial decrease in the production of Poly Galactronase. 
Gibberelic acid however did not affect the synthesis of this enzyme in culture because the 
enzyme activity with this hormone was more or less similar with that of control. Table XXIII 
&Fig. XXX,XXXIX. 

The production of another glycosidases i.e.,. PMG was strongly suppressed by majority 
of plant growth regulatory substance. Among these Kinetin and IPA were more effective 
than others. lAA was least affected in this case. Table XXIV & Fig XL, XLI. 

The formation of both transeliminases(PGTE & PMTE) were generally decreased in 
presence of all growth regulators. PMTE comparatively was more affected than PGTE. In 
PGTE synthesis, Gibberelic acid and Kinetin were more effective in decreasing the production 
of the enzyma IPA however, surprisingly was least effected in this case. Table XXV Fig 
XLII, XLIII. 

In PMTE. synthesis, IBA and Gibberelic acid were more effective than others. lAA 
again failed to produce a significant effect on this enzyme. Table XXVI Fig. XLIV,XLV. The 
over all study show that Kinetin was effective in majority of the enzyme studied. During the 
course of study the author noticed that the mycelial growth was less in the media inoculated 
with the hormones as compared 'to that of the control. Mycelial growth obtained individually 
and when compared with the enzyme production for each growth regulatory substance, it was 
found, that there could be no correlation between the fungal growth and the enzyme secretion 
of P.aphanideimatum in the presence of various plant growth regulators. 
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EFFECT OF FUNGICIDES 


Effect of Thiram, Brassicol, Blitane, and Captane on the production of PG, PMG, 
PGTE, PMTE was studied . The datas are given in Table XXVII.XXVIII, XXIX, XXX. & 
Fig. XLVI - LIII. 

From the datas it is observed that the Pectic enzymes secretion by Pvthium 
aphanidg - nna t U - lP was inhibited variedly by TTiiram, Captane , Blitane and Brassicol respectively. 
These were highly toxic to the pathogen and thus it could synthesize insignificant amount 
of PG. Brassicol and Blitane were comparatively less toxic to enzyme production and PMG 
synthesis was also inhibited by Thiram ,Captane,Blitane,and Brassicol .But, were not so 
effective as in case of PG. Synthesis of PMG was least affected as compared to PG, 
,PMTE,PGTE, synthesis which was fully inhibited by Thiram and Captane. In Blitane and 
Brassicol Pvthium aphanidermatum did manage to develop some PMTE but in insignificant 
amount. 

Among the four Pectolytic enzymes (PG,PMG,PGTE and PMTE) PG and PMTE were 
more sensitive to fungicides. 

From the over all research in the table XXVII,XXVIII,XXX, Fig. XLVI-LIII .It is 
evident that Thiram is the most effective fungicide followed by the Captane in reducing the 
production of Pectolytic Enzymes by P.aphanidermatum. . Among the Pectic Enzymes the 
production PG and PMTE was most adversely affected. . 
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Among the organic substances tested for the inhibitory effects on the production of 
Pectolytic enzyme were the plant growth regulators and the fungicides. The fungicides were 
added before sterilization of the Glucose Asparagin medium. While the growth regulators 
were added after sterilization, and before incubation of the Pathogen. The datas obtained 
during the studies on various Pectic Enzymes are given in the Table XXIII - XXXI and Fig 
XXXVIII to LIII .The results are being discussed below: 




The secretion of Pectic enzymes in culture is significantly affected by all the five plant 
growth regulators tested .All the hormones caused varying degree of inhibitory effect on 
various Pectic 




Enzymes as mentioned in the previous chapters.In general the enzymes catalyzing the 
breakdown of methylated chains (PMG & PMTE)were more adversely affected than those 
responsible for splitting of non-methylated chains of Peptic substances. (PG & PGTE).The 
synthesis of PG was strongly suppressed by IPA and Kinetin. The decrease in production 
of PG in the presence of Kinetin have also been reported by Patel and Dimond (1968).The 
formation of PMG was more adversely affected by Kinetin and IPA.Indol Acetic acid was 
found to be least effective in reducing the PMG synthesis. With regard to trans eliminases 
it was observed that inthe case of PGTE again GibberelicAcid and Kinetin caused greater 
inhibition of enzyme synthesis.PMTE synthesis was more strongly suppressed by IBA fol- 
lowed by Gibberelic acid lAA here again was least effective . However, from the mycelial 
growth observed andthe secretion of various pectolytic enzymes was observed.On the basis 
ofover all results Kinetin and Gibberelic acid were found to be the most effective than the 
others in reducing the pectic enzyme production. It may be recalled that Bateman(1966) 
has attributed plant disease control or resistance to some of these hormones. 

Though the mechanisms involved are not clearly understood but on the basis of the 
above results it could be suggested that these growth regulators might act as effective agents 
to control pathogenesis, due to their ability to prevent the synthesis of the pectic enzymes 



involved during such pathogenesis 


Fungicides in the present study were taken in a concentration of .5% and during 


enzyme assay showed very strong suppressive action on pectic enzyme produced by 
E jphanidematum . Thiram , Brassicol, Blitane and Captane were the fungicides used in the 
present study . The formation of Poly Galactronase enzyme by P. aohanidermatum was 
Strongly suppressed by the Thiram and Captane. Table XXVII & Fig. XLVI & XLVII.These 
results are similar to those observed by Rai(1971) . PMG production was also considerably 
reduced by Thiram and Captane. Table XXVIII & Fig. XLVIII , XLIX. PGTE was also 
inhibited significantly by Thiram.Table XXIX, & Fig. L & LI. On PMTE both Thiram and 
Captane were so adversely affected that no enzyme production could be noticed. Table XXX 
& Fig. LII & LIII. The over all result show that all the fungicides were very significantly 
effective in reducing the pectic enzyme production . Thiram and Captane weremost effective 
in reducing the enzyme production . 

The inhibition of pectic enzyme production by various fungicides on several fungal 
pathogens have also been reported by Grover and Moore (1962) Grover (1964). 
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CHAPTFR vxiv 
INTROnurriniy 


Cellulose forms an integral par, of plan, cell walls & is the most prevalent organic 
eonsdtuen,.!, is composed of long chain of glucose molecules linked through Cl 4 by B- 
glycosidic linkages.Chain length may be 1-3 wiu. a degme of polymerization of 2000 to 
10,000 um,s.Cellulose ,s organised in the cell walls as the parallel cellulose chains forming 
microfibnls. These microfibrils are the basic smictural units of the cell wall. These are non 
amorphous component of the cell wall & it has been sueessfully demonsuared dta, ftey fomt 
dte skeleton of an expanded cell wall. Removal of non-cellulosic constituents of such walls 
involve little change in cell form & does not alter the mechanical property of the cell wall. 
.The space between the microfibrils are fiUed with pectins as the primary encrusting substance. 


Native cellulose is insoluble but water soluble products are formed when primary & 
secondary hydroxyl groups of glucose units — ; aie replaced by cenain other groups such as 

methyl and carboxymethyl groups. 


The following cellulolytic enzymes are known to be involved during the degradation 
of native cellulose. 


(a) Enzyme Cj which acts on native cellulose, liberating long glucose anhydride chains. 
This enzyme cannot degrade cellulose to the lower level. 

(b) Enzymes Cx which acts on the substrate liberated by Cl enzyme and brings it to 
disaccharide or hexose level. 

B-glucosidase, also known as Oligo-B-glycosidase or cellobiase may be involved in 
splitting of the solu-ble products prior to cell wall metabolism, Norkans (1963), Wood(1967), 
proposed a scheme of cellulolytic enzymes when native cellulose is degraded. 

Native Cellulose 

Enzyme Cj 


Linear Chain 

Enzyme C^^ 



Cellobiase 


“ Modified Cellulose 
Enzyme C^ 


C^or B-glucose 
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Glucose 


Glucose IS the end product after complete enzymatic degradation of cellulose . It is 
produced by the action of C. enzyme on the products liberated by the action of C. enzyme 
on native celulose. It is agreed by some workers that C.produces cellobiose which is degraded 
to glucose by the acUon of cellobiose or B-gl„cosidases. RecenUy it has been suggested that 
the group of enzymes referred to as C. may be regarded as B Glucoses 1 4 


These enzymes are liberated by all the suecesful pathogens which attack plant tissues. 
During the pathogenesis of the rhizome rot of ginger these enzymes must be playing an 
important roie. Thus the study of cellulolytic enzyme was considered to be important in 

undemtanding plant disease syndrome. With the above considerations the study in this secdon 
was planned under the following lines. 


M l S Sglion (al: , ?nvivo studie s of cellnlnlyHc ftnyvtnPQ- ; 

Under this subsection the presence & activity of cellulolytic enzyme was studied both 
m healthy rhizomes & in the diseased rhizomes inoculated with £vthium aohanidermafim 

SlL bS - gQtiQn (b)I n . vitr9 sthdig? pf gelhilnlytic enzyme under various cultural conditions - 

Under the subsection the capacity of cellulolytic enzyme production by Pvthium 
aph^idennatum was studied under various cultural condition i.e in different media, different 
incubation period and the effect of pH. 


^ utoecbon (c) Jn vitro studies of cellulolyti c enzymes in presence of growth re.pnlatnrQ 
ah . d , fpngicide?U nder this subsection the effect of various plant growth regulators & fungicide 
were studied on the cellulolytic enzyme produced by Pvthium aphanidp.rmatnm 




CHAPTER . XXy 
EEYIEW OF LITER ATI TP p 

The degradation of cellulose has been reviewed in detail by Norkans (1963-b). He has 
also described the influence of cultural condition on fungal cellulose production (1963-a). 

Chemically cellulose is high polymer of p likage of glucose residues. The chain 
molecule of the native cellulose are of considerable length varying with different species & 
different tissues.Cellulosic substances are aggregate of glucose an-hydride chains arranged 
more or less parallel to each other. It is often regarded as a skeletal substance irreversibly 
deposited in plant cells & not broken down by enzymes of endogenous origin. This is true 
for mature plants tissues. In young cells however breakdown & resynthesis of cellulose in 
the primary wall has been found. Degradation of such material is neccessarily involved in the 
process of germination. It is also broken down through the agency of bacteria & fungi rep- 
resenting differential taxonomic group. Some bacteria & fungi even Phycomycetes causing 
common diseases such as soft rot (Winstead & McCoumbs (1961)). Cellulolytic enzymes 
seems to be a prerequisit Rees et,^, (1953) have presented extensive list of genera & species 
involved in this determination. 

Cellulose are generally considered to be formed only in the presence of cellulase. 
According to Reese & Mandle (1963) not cellulose itself but the soluble cellulose are hy- 
drolysis product, in this line inducer of cellulose in cellulose culture but when cellobiose is 
used in amount as large as those in regular growth experiments always depressed the cellulase 
yield and was also the case in glucose together with cellulose was used as the carbon source. 
Husain & Diamond (1960). In some cases cellulase is produced even in the absence of 
cellulose Lyr et.al.(1959), Reese (1963) calls attention to the fact that nutrient solutions 
contains supplimentary additions of 12% Malt extract which might be responsible for cel- 
lulose induction. There seems to be no Thermodynamic or other fundamental reason for 
supposing that cellulose symptoms in all organism must neccesarily be induced .When testing 
with 124 fungi for the production of the cellulolytic enzyme Basu & Ghosh (1960) found that 
only limited number of fungi produce celluloses when grown on pure cellulose but most of 
the organism produce cellulose when grown on mixed cellulosic substrate. The mixed sub- 
strate, have organic & inorganic micro nutrients that facilitate the enzyme secretion. Yeast 
extract for instance has been shown to produce cellulose production. Norkans & Ascham 
(1953). 

In culture filtrates of fungi extra cellulase can be demonstrated. These are released from 
viable cells Mandel (1956). During the later phase increased cellulase activity can be observed. 


presumably not due to release of cellulase, this may be due to the released active proteins by 
autolytic process from the surface and from internal part of the cell. 

.^Norkans (1963-a). The importance of cultural conditions for cellulose production have 
been pointed out by Whitaker & Thomas (1963). The Oxygen supply obtained and the relation 
of culture liquid, volume of culture vessel play an important role. Mechanical shaking or 
bubbling has a deleterious effect on enzyme produced. Norkans (1963-a). 

There are two different enzymes involved in the breakdown of mature cellulose it is 
said to produce an-hydro glucose chain from mature cellulose. Subsequently hydrolysis the 
chain to solu^ble low molecular product ranging from cello hydrose to glucose. The process 
can be expressed as follows. 

C, Linear C 

i X 

Native cellulose ) anhydroglucose ^ Soluble low 

Chains molecular products. 

Cx enzyme were also found by Winstead & McComb (1961) in culture filtrates and 
cucumber fruits extract. Here cellobiose was degraded to glucose. Cx activity of culture 
filtrate from 14 days old cultures was much greater than 3 & 7 days old cultures. 

Cellulolytic enzymes have been found to play a significant role in some plant disease. 
Bateman (1969) carried out a detailed investigation of the enzyme on S.rolfsii & demostrated 
that the culture filtrates & water extracts of lesions induced by this pathogen on bean hypoco- 
tyls contained system (C^ type) that exhibit optimum activity at 4pH on carboxyl methyl 
cellulose (CMC). 

Norkans (1963-b), suggested that cellulolytic enzyme were pre-requisite in certain wilt 
disease. Bateman & Millar (1966) are of he view that cellulose does not play any significant 
role in the maceration of plant tissue. According to Shrivastava et.^.(1959), Bateman (1964) 
cellulose has been obtained from diseased tissue, Wood(l 960) suggested that cellulose do 
appear to be very important in early stages of disease development but in the later stages of 
soft rot cellulose of the microfibrils is definitely attacked by soft rot pathogens. 

Brown (1965) reported the S. rolfsii produced cellulase in the presence of an inducing 
substrate in culture & indicated its probable role in pathogenesis. 

Cellulase deterioration by fungi has been determined extensively by Great House et al. 
(1942). Cellulose & ligno cellulose degradation by thermophillic & thermotolerent fungi has 
been worked by Rosenberg (1978).Wicrobial decomposition of cellulose has been reviewed 
by Sin (1951). The invitro studies of cellulolytic microflora has been worked by Bose & 



Yadav (1973). Bisht & Harsh (1981"^ has j . 

^ ® observed the envolvement of wood decaying 

fungi on cellulose. Review on various PectnlvHr .fe i i *• 

, , . , ^ Cellulolytic enzymesinvolvement in tissue 

degradation & maceration hat been given by Mehrotra & Goel (1978). 

Effect of fungicides including annbionc on cellulolytic enzymcactivity of Rhizoctnbiy . 
ialasisflk has been described by Goel & Mehrotra ( 1973 , 74 ), 

Comparitively little work has been done in India regarding cellulolytic enzymes espe- 
cially with reference to their role in pathogenesis. 





CHaptfr XXV! 
INTRomirxfn^ 



Cellulose ,s the most prevaleut organic substance present in the cell wall of plant tissues. 
In pathogenesis cellulose degrading enzymes are comparatively less worked out because Plant 
Plathologist have generally paid more attention to the Pectolytic enzymes during 
pathogenesis. Work of Bateman (1969), Hancock & Millar (1965), Husain & Diamond 
(1960),Rai (1971), Vyas (1971) and many others have proved that the role of cellulose 
degrading enzyme during pathogenesis is beyond doubt. In the present section therefore the 

production & activity of cellulolytic enzyme in vivo & in vitro hay, ,o be studied in the 
following lines. 


(i) Cellulolytic enzymes in the Healthy Ginger Rhizomes. 

(ii) Cellulolytic enzymes in the diseased Ginger rhizomes infected with Pvthiiim 
aphanidermatum . 
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CHAPTER \YV^ 

EXPERTMFNTA! 

The method for extractions of enzymes from healthy & diseased ginger rhizomes were 
the same as used for the extraction of pectic enzymes in the previous chapter. The method 
of inoculation & incubation were also the same. 

METHOD FOR ENZYME. ASSAY 

Standard Viscometric procedure was use d for analysing the cellulase (Qttype) activity. 
In this case the substrate X was 1.2% solution of carboxymethyl cellulose (CMC). The 
enzyme activity was measured for reducing the viscosity of CMC and was the same as 
described for pectic enzymes. The enzyme reaction mixture used was as follows — 

1.2% Carboxy Methyl Cellulose — 3.5 ml 

Distilled Wate — 1.5 ml 

Mcallvain Buffer (pH 5.5) — 1.5 ml 

Enzyme Extrac — 1.5 ml 

For control enzyme reaction mixture with autoclaved enzyme extract was run simul- 
taneously. 

Enzyme activity was expressed as percentage loss in viscosity. The relative enzyme 
activity was determined according to the formula given earlier. 


chaptfr xxvm 

S ESUI.TS ANn 

CIC EN7.YMf<; tw 



Extracts of healthy & diseased rhizomes when assayed for cellulolytic enzyme activity 
showed a less stgn.ftcant C. type of activity. n,e diseased rhizome after 5 days of incubation 
gave almost the same activity as that observed in healthy rhizomes, though there was a slight 
increase tn the diseased rhizome but it is almost insignificant. As the incubation period was 
increased to 10th day. the C, activity was slightly enhanced. It could be said that as the 
mcubation period increased the enzyme activity increased and 10 days incubation peritxi gave 

better cellulase enzyme production as compamd to those of 5 days of incubation period.Table 
XXXI & Fig. LIV,LV. 
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chapter yxtx 

Discussion 

The extract of healthy & diseased rhizhome infected with Evthium aphanidemiatnm 
showed type of cellulase activity. The results obtained in Table XXXI & Fig LIV.LV show 
that the activity in the case of diseased rhizome was only slightly higher than that of fresh 
rhizomes after 5 days of infection. As the incubation or infection period was increased to 10 
days cellulose activity increased this indicates that cellulose enzymes are involved in patho- 
genesis during development of soft rot of ginger by Pvthium aphanidermatum . Similar in- 
volvement of cellulase enzymes during pathogenesis have been observed by number of 
workers.Bateman (1964) and others. The presence of cellulase activity in healthy tissue of 
ginger rhizome have been observed by the present worker :. The observation is in line of the 
observations of Bateman (1964), & Rai (1971). 


CHAPTER XXX 
INTRODUCTION 

IN VITRQ.STUDIES OF CELLULOLYTIC ENZYMES 
UNDER VARIOUS CULTURAL CONDITIONS 

The presence of the cellulolytic activity during pathogenisis of P. aphanidermatum 
provides convincing reasons for studying the enzyme activities in vitro . The primary object 
of this study is to find out the effect of various culture media, incubation period and pH on 
the production of cellulose enzyme production by th e P. aphanidermatunL The experimental 
work has been planned in the following lines. 

(i) Effect of different culture media on the production of the cellulolytic enzyme by 
P aphanidermatum 

(ii) Effect of pH on the production of cellulolytic enzymes by P. gph^nidermatmH- 





CHAPTFR vyxi 
EXPERIMRIMT^I 

P. aphanidtruamm was the one obtained from the diseased rhiaomes in the previous 
section. 

Effect of culture 

The different cultural media used here were the same used during the study of pectic 
enzyme i.e., 

1. Potato Dextrose 

2. Czapecks Dox 

3. Peptone Dextrose 

4. Glucose Asparagine. 

The incubation period is also the same i.e., 5 days and 10 days. 

Effect of dH 

Here also the pH range selected for the study was the same i.e., from 2.5-12. The 
method for adjusting pH was the same as described previously in case of pectic enzymes. The 
only difference was that here studies for pH were conducted on 10 days old culture. 

The exhibition of enzymes and the method of enzyme assay were the same as described 
in the earlier chapter for cellulase activity. 


[T571 


QIAPTER XXXn 

RESULTS AND OBSERVATIONS 


1- pffggts diCtont CtiU^rg on th e production of cellulose bv P. 

^ phanidermatum 

It is clear from the datas given in the table XXXII Fig. LVI - LIX that in 
generaljCellulase production was variously favoured by different media. However the amount 
of activity observed in each case was found to vary in different incubation period and different 
culture media. Glucose Asparagin was most favourable for cellulase production by 
flphanidermatum . Peptone Dextrose and Czapecks Dox was less effected while Potato 
Dextrose was least favourable. Cellulase production was also influenced by period of in- 
cubation. It was observed that^the incubation period was increased from 5 to 10 days the 
enzyme production increased in Glucose Asparagintas well as Potato Dextrose. But in 
Czapecks Dox and Peptone Dextrose the enzymes activity was almost the same and was not 
much effected by increasing the incubation period. 

2. Effect of dH on the prod uction of cellulose bv P. aphanidermatum 

It is evident from the result shown in the table XXXIIl Fig.LX - LXI that for the 
secretion of cellulase,the acidic range of pH i.e., 3-5 was most favourable anc^pH 4 was found 
to be optimum. No cellulolytic activity was found below pH3 and above pH 8. The cellulase 
activity progressively decreased from pH 5 to pH 8. 
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EFFECT OF DIFFERENT CULTURE MEDIA 

ON CELLULASE PROD'N ARER 5 DAYS INCUB 



TIME IN MINUTES Fig.( LVI.) 

□ POTATO DEXTROSE + CZAPECKS DOX 
o PEPTONE DEXTROSE A GLUCOSE A5PARAGIN 




% LOSS IN VISCOCITY 


CULTURE MEDIA ON CELLULASE 

PRODUCTION AFTER 5 DAYS INCUBATION by P. anhanidf nnMiim 



ACTIVITY AT 90 MINUTES 
POTATO DEXTROSE 


(Eig.LVIl) 
CZAPECKS DOX 


PEPTONE DEXTROSE 


KXI glucose ASPARAGIN 
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ACTIVITY AT 90 MINUTES (Fig.LIX) 

^ POTATO DEXTROSE ^ CZAPECKS DOX 
PEPTONE DEXTROSE KXI GLUCOSE ASPARAGIN 









£HAPTER XXXTII 
discussion & roNfq 

To determine the optimum cultural conditions for production of cellulolytic enzymes 
byE...ai 2 hanidcrmat»mthe different cultural media4ncubation period and the pH was studied. 
The result obtained in the previous chapter have been discussed below: 

1- Culture Media: 

Out of the 4 culture media i.e., Potato Dextrose, Czapecks Dox, Peptone Dextrose and 
Glucose Asparagin. Glucose Asparagin was most favourable for the synthesis of cellulase. 
Potato Dextrose was the least. Ali (1970) has also found that PDfo favour very little cellulase 
secretion. Rai (1971) has also observed that PDfe was least effective for cellulase production. 
Secretion of enzymes was also affected by different incubation period with different media. 
The overall study shows that Glucose Asparaginemedium with 10 days incubation period gave 
good results. Therefore, this media was selected for further study on the effect of pH on 
cellulase production by P.aphanidermatnm The observations for the growth of P. 
aphanidermatum in different media shows that the growth was maximum on PDB and 
minimum on Glucose Asparagin. These observations suggest that mycelial production has 
no correlation with cellulase production bv P. aphanidermatum . 

2. Effect of pH 

Maximum amount of cellulase secretion was observed at pH4. This observation of the 
author is also similar to those of Ali (1970) and Rai (1971). Below pH3 and beyond pH 8 
there was no cellulase production by P, aphanidermatum . Lower pH values ( 3-5) have a 
higher cellulase production. These results are similar to those of Mandel & Reese (1965) 
on Trichoderma viride . 




Ccllulase production is increased by certain substances while may be reduced by certain 
other substances. The substances which reduces cellulolytic activities may be useful from 
Chemotheraputic point of view while inducers of cellulase may be applied for industrial 
purposes. A number of workers however observed that Cx type of cellulase may be produced 
in culture even in the abscence of cellulosic material.Rai (1971), Vyas (1971). 

The author is interested in finding out the repressors for cellulase production as such 
components could act as interesting tool for plant disease control. Some substances have 
been found to be good for cultural growth or reducer for such growth, but from the point of 
view of cellulase production these substances are less worked out. The compounds which 
may act as reducers are growth regulators and fungicides. The inhibitation of cellulase has 
been reviewed by Mandle & Reese (1965) but in most of these studies work has been carried 
out by taking culture filtrates of fungal pathogens and then the effect of these organic sub- 
stances has been investigated by adding these substances in the reaction mixture for enzyme 
assay. These results are actually the effect on the activity of cellulase rather than the devel- 
opment of cellulolytic enzyme in culture. In view of this in the present study the effect of 
various plant growth regulators and fungicides has been investigated on the production of 
cellulase b y P. aphanidermatum in culture. The present investigations has been done in the 
following lines. 


1. Effect of plant growth regulators on the production of cellulase enzyme by EL 



CHAPTFR xxXY 
EXPERTMFlSfT^I 


Glucose Asparaginunedia was used iu Uus study also as high cellulase activity .^corded 
in thts media. The media was incubated for 10 days. Control was maintained in both the 
expenments m which Glucose Asparaginaiiedium was taken without adding either growth 
regulators or fungicides. Growth mgulators were added after sterilization in 10 ppn, con 
centration and fungicides were added in.5% concentration before sterilization. Procedure 

for extraction of enzymerand assay of enzymeiwas the same as used previously for cellulolytic 
enzymes. 





CHAPTER XXXVI 
RESULTS ANH OBSF.RVATinN[f^ 


C SROWTH R£QUt:A-To<\.s - 

■Data shown in the table XXXIV and Fig.LXII - LXIII indicate that all the five growth 
regulators caused a substantial loss of cellulase production. Among these growth regulators 
IBA was most effective followed by Gibberellic acid and Kinetin. lAA however showed that 
the least inhibitory effect. During the course of preparation for enzyme extract the author 
observed that in broth cultures these growth regulators produced a fair amount of growth 
of P t It appears that the toxic effect of these regulators were less pro- 

nounced on the systematical growth as compared to the cellulase production. 

FUNGICIDES 

Cellulase production by P, aohanidermatum was also studied in the presence of fun- 
gicides and the results obtained are given in the table XXXV Fig. LXIV - LXV . From the 
datas given it can be observed that these fungicides aie more effective in decreasing cellulase 
production by P. aphanidennatum . These fungicides were also very effective in decreasing 
the fungal growth over the broth culture developed for enzyme extract preparation. Among 
these fungicides Thiram caused maximum loss in viscocity after substract CMC. Brassicol 
was least toxic in which the cellulase production was maximum only a very slight mycelial 
growth was found on the surface of the broth culture in the flask. Next to Thiram was 
Captane which also remarkably reduced the enzyme production by P. aphanidermatum. . 

From the over all result it could be said that the fungicides were more effective in 
reducing mycelial growth as well as enzyme production compared to those of the plant 
growth regulators. 






TABLE XXXV 
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EFFECT OF PUNT GROWTH REGULATORS 

CELLULASE PROON.BY P.ophonidermotum 



ACTIVITY AT 90 MINUTES (Fig.LXlll) 
lAA IBA IPAONTROL GIBBERELLIC ACID 

[\\| KINETIN 
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LOSS IN ViSCOCITY 



EFFECT OF FUNGICIDES ON CELLl 
PRODUCTION by P. anhanidermatum 


ACTIVITY AT 90 MINUTES (Flg.LXV) 
BUTANE V/A CAPTANE g 
1\\1 CONTROL 


thiram 



CHAPTF.R YYXVn 

m SCUSSTON ANProNri iisTpM 


Cellulase production, as already been stated in the preceeding chapter is remarkably 
affected by different organic substances. Some increase while the other decrease. The author 
from the point of view of the control measure is more concerned for those substances which 
reduced the mycelial growth. During the course of present study the author succeeded in 
getting the object fulfilled by testing the effect of plant growth regulators and fungicides on 
enzyme production by£,_aphanidermatv)rn. The results obtained are being discussed below: 


1. Plant growth regulators 

Cellulase production was considerably decreased by all — the five plant growth 
regulators (Table XXXIV ,Fig.LXII - LXIII) The maximum inhibitation was brought about 
by IBA followed by Gibberellic acid & Kinetin.IAA though also showed inhibitory effect but 
was least effective as compared to the other growth regulator. BeMiller et.al.(1969) also 
observed inhibition of cellulolytic enzymes o f Diplodia by various concentrations of lAA. 
The magnitude of cellulase inhibition observed by them was very much higher than observed 
by the author. 

2. FUNGICIDES : 

Cellulase secretion and mycelial growth on broth culture was strongly suppressed by 
the fungicides tested i.e., Thiram, Captane, Brassicol, Blitane. Thiram and Captane were very 
strongly affected, Brassicol was also significantly effective in reducing cellulase production 
but in comparison to the other fungicides tested was least effective. (Table XXXV & 
Fig.LXIVLXV). 

The results obtained have shown that fungicides were comparatively more effective as 
reducers of mycelial growth and enzyme production as compared to the growth regulators 
. These results are quite similar to the results obtained by many investigators. 
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CHAPTf;^ xxxyih 

INTRomtrTtftM 


During ,he recem years soft rot has become one of the principle diseases of the orchards 

an vege able gardens. Regtons of Bundel Khand under investigation in the present study 
proved to be seriously hit bv the soft rot of x ■ * 

.. . ^ a serious problem not because it 

IS the pnnciple disease of this loralitv infoof- • . “se it 

Tj £, T, ^ Singer but because these areas,particularlv 

Barauasagar ^ Taibeha. a« the chief ceuhes of ginger cuitivation aud since hi it 

80% ioss to gtnger production,the ginger growing fanners am shiftiug their cultivation 
some other crop. Thus it has heotme a serious concent for the horriculturist of this area and 
on etng approached by the Deputy Dimctor, Horticulture, Jhausi, the concern was fel, and 
the work towards this disease was undenaken hy the present investigator. Much _ 

about the disease has been worked out in the previous sections. This section will be 
delt wtth the control on the soft rot of ginger caused hy ^hanide n Batu m . The conuol 
of disease, can be done by exploiting the environmental conditions of the pathogens through 
the agency of living organisms so that there is a reduction in the incidence of disease 
Addition of organic materials in the form of plant residues and other organic amendments 
have received greater attention because of the easy ability and non toxic.from the point of 
view of human consumptions, handling and at the same time are relatively cheap. These 
amendments may be with or without nitrogen. The control measures undertaken during the 
present investigations by such means are being referred under ‘Biological Control’, 

Another method of soil borne plant disease is using chemicals. The chemicals may be 

organic or inorganic in nature and are by themselves responsible for reducing the growth of 
the pathogen. 


Among the chemicals used by the author are Plant Growth Regulators and the Fungi- 
cides. These substances have a direct inhibitory effect on the growth of the pathogen, and 
are widely used in controlling various root diseases of crop plant. These study will be in- 
cluded under the sub-section “Chemical Control”. Thus this section of control measure has 
been divided into two sections - 

1. Biological control 

2. Chemical Control 
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OlAPTER XXXTX 


-BEYIE W OF I TTERATIIRR 

Sharma and Joshi (1975) have studied the rhizosphere microflora of ginger. Within 
this, microflora there are parasitic,antagonistic, symbiotic and commensalic associatiom-In 
the field borne disease antagonism receives much attention and maybe due to antibiosis, 
exploitation or competition. Ecological significance of antibiotic production has been de- 
scribed by Brain (1957). Antagonistic and competitive mechanism limiting survival and 
activity of fungus in soil has been described by Brain (1960). 




Soil antagonist play very important role in reducing root diseases specially caused by 
Pythiceous fungi like . Pythiyrn and Phvtophthora .Katze.r (1939) reported decrease of 
PylPphlliOra par^sidcft on tomato when Trichoderma was introduced into the soil. Grossbard 
(1948), (1952) found that damping off of tomato seedling caused by Pvtophthora parasitica 
was suppressed in sterilized soil when As pergillus clasvatus & Pencillium clavatum 

were introduced before inoculation of the pathogen but similar results 

could not be achieved by Gregory etal.(1952); Dunleavy (1955). It was then realised that 
by mere introduction of antagonist in the soil, equilibrium could be disturbed temporarily and 
soon the former conditions are restored.Garrett (1965), Weindling & Fawcett(1936) found 
that damping off citrus could be controlled by T.viride only after acidifying the soil. Thus 
making conditions suitable for the activity of this fungus. Culture filtrates and active antago- 
nist grown on suitable media are tried by number of workers in sterilized and unsterilized 
soil. Cooper and Chilton (1940), Gregory et.al.(1952). Brown (1955), Sexana (1967) but 
positive control to any appreciable extent could not be achieved. This is due to the fact that 
filtrates of active antagonist when added to the soil are often biologically degraded, physically 
absorbed or chemically inactivated. 





Now it has been realised that mere introduction of antagonist to the soil is not sufficient 
to achieve disease control. Its existance in active stage is of firm importance. The soil should 
be added with some organic base so that the antagonistic microbial population could be 
indirectly boosted up. Thus, soil is added with substances which suit the growth of antagonist 
already present in the soil for this manuring soil amendments with organic and in organic 
materials have been used. 


Addition of organic matter in form of plant residue have received greater attention. The 
subject has been thoroughly reviewed by Garrett (1956,65) and Patrick & Toussonn 

, Millard & Taylor (1927), 


Fellow (1929) have controlled the take all disease of wheat by organic manure. Similarly 
biologically Wast & Thildebrand (1941) could control root rot of Strawberry; Zentmyer & 
Panlous (1957), Zentmyer (1963) control Ekvtoohthora root rot of P.vocndn Davev & 
Papavizas (1960) obtained suppression of foot and root rot of snap beans. Zentmyer (1963) 
have controlled similarly root rot ofE yocodo ,. by P. cinnamoni . Reddi et.al.(1951) controlled 
damping off tomato seedling by adding green manure. 

Fungi differ in their relative sensitivity to carbon dioxide and nitrogen .Papavizas & 
Davey (1959, 62) showed suppression of Et-Splaniby adding organic amendments. They found 
that low C.N ratio wtxs effective in suppressing the pathogen. Synder et.al.(1959) found 
amendments of high C.N ratio such as barley straw, com straw etc. to be effective in con- 
trolling Fusarivim foot rot of snap beans. Hooker (1953) has mentioned that root rot of com 
by Pythitimw as most severe in soils of low fertility. Agnihotri & Vaartaya (1967) have shown 
that in soil fertilised with ammonia and urea sporangia of Pvthium germinate. Kauraw (1970) 
has concluded that root rot of wheat by P,graminicolum can be effectively controlled by using 
high doses of Nitrogen.Rajan & Singh (1974) has also found that nitrogen was effective in 
controlling tomato seedling rot of , P, aphanidermatum by using high doses of nitrogen. This 
nitrogen not only affects the pathogen but at the same time these are helpful in increasing 
the yield of ginger. Muralidharan & et.al.(1973). 

Soil amendments with the above inorganic substances as well as green manuring has 
been suggested and tried as a control for Pvthium root rot. The field crops were sometimes 
effective mainly because they encourage soil flora antagonist to Pvthium species. Apart from 
this^very few of these amendments also change the nature of the soil and make the physical 
condition unfit for P. aphanidermatum in the soil JRajan & Singh (1973) has also observed 
that P. aphanidermatum was detectable only when the clay content of the soil was high. The 
author have also seen during the field observation that the incidence of the disease in water 
logged clayey soil ' was high thus in the present study the main stress was laid down on 
amendments with plant residues. These will not only alter the physical conditions but at the 
same time serve many purposes i.e., will increase the nutrient capacity of the soil, will effect 
soil C:N ratio and will boost up the antagonistic population of the soil. Thomas (1939) 
suggested biological control for Pythium species r . using Trichoderma li gnorum . It in- 
creased the acidity of the medium that became unfavourable for the growth of P ythium. 

Chemicals are generally used against pathogens are called “Soil Fungicides” as sug- 
gested by Domsch ( 1964) . The use of such chemicals for horticulture and crop control has 
steadily increased. Kedrik et.al.(1957)jKrentzer (1961)jMartin et.al.(1958),New Hall (1955) 

ij-lgf] 


Domsch (1964) have given detail information on different aspects of soil fungicides. Mehta 
(1971) in his 8th Mundker Memorail Lecture analysis the importance of fungicides for in- 
creasing the yield & control of plant diseases . He listed about 200 fungicides which are in 
the world market and stressed the need to devote more attention on spraying of fungicides. 

A number of workers have used fungicides for the control of plant diseases. Bird (1965-66) 
on seedling of diseased cotton,Bell (1963) on damping off of cotton, Richardson (1960) on 
damping off of peas . Mishra et.al,(1969) on paddy seeds , Mathur etal.(1971) on early blight 
of potatoes Kushwah et.al(1971) on powdery mildue of Linn seed. Various fungicide have 
been studied to control plant diseases. 

Abdel Kadar et.al.(1981) found Bavisten to be an effective fungicide on a number of 
fungus species. Padmini and Mallikarjunadhya (1985) have revealed that Bavisten at .05, 
.1%, 1.5% & 2% concentrations have inhibited various species of Aspergillus . Kuthubutheen 
and Pugh (1977) have observed the effect of Thiram and the radial growth of thermophillic 
fungi. 

Control o fJP.aphanidermatum root diseases with soil fungicide has been described by 
Tammen et.al.(1961), ftfechanism of tolerence of Pvthium species to ethagol is described by 
Halose and Huisman (1976), Sharma & Tiwari (1975) has described the effect of chloroneb 
on P. aphanidermatum. 

Bordeaux mixture has been recommended for P. aphanidermatum by Shahare &Asthana 
(1962),Bhawat (1960) recomended itfor P. mvriotvlum Jvlercuric chloride has been recom- 
mended by Park (1935)^Kothari (1966) , Thomas (1941) for various species of Pvthium . 
These persons obtained significant control by using these above mentioned fungicides in seed 
soil treatment. Agarwal (1972) , Haware & Joshi (1974, -b) & Sharma & Jain (1978-a) 
suggested that the disease can be controlled by soaking cut rhizomes in fungicidal solution 
of .3% Dithane, M-45 or Benlate or Bavisten for 2 hrs followed by two drenching first at 
the time of sowing and second 15 days after the first drenching. Kothari (1966) used Thiram 
in Dethane in .2% concentration for soil drenches and Ceresan at .5 and .25% concentration 
for rhizome treatment. He obtained significant control by these fungicides and withMercuric 
chloride he obtained the highest germination. In the post harvest treatment, Haware,Joshi 
& Sharma (1973) found again that fungicides were useful to control the storage rot of ginger. 
These fungicides should be used in concentration so that they could control the occurence 
of ginger rot but not in such a percentage that the use may be harmful for consumption. 
Arora et,al.(1977) have found the persistence on some fungicides on some riiizome during 
storage. Sharma & Joshi (1979) have made in vitKi studies of 5 fungicides against 11 seed 


bome fungi and found them effective in controlling the riiyzome rot of ginger during storage. 
Tammen et.al.(1961) have used Captane, Ferbane, Thiram, Zeneb and certain other chemical 
mixed with steam treated soil and determine the effectiveness in limiting colonization of 
S PinoSUffl - The fact that Thiram, persist in soil for a short duration was varified. Captane 
persist in soil for 92 days and Dizon limited colonization for 92 days. Shahare & Asthana 
(1962) used Bordeaux mixture , Perenox and Dithane mixture to control rhizome rot of 
ginger caused by various species of Pvthium. In the green house conditions a large number 
of fungicides and other chemicals have been used for soil treatment and surface dips by 
Scheffer & Haney (1956) . This was used against diseases caused by Pvthium .Rhizoctonia 
and the other fungi. 

Donald Munneke (1972) has reviewed the factor affecting the efficiency of fungicides 
in soil. Domsch (1964) has reviewed the origin function , screening,fungi static properties 
of various fungicides. He has mentioned that a fungus can be easily killed in lab on artificial 
media or in soil in close containers or pots — 

— but in the field conditions it appears to be quite different because resting structures 
remain viable and thus unduly concentrations are required. Rise in temperature helps in 
disappearance of gaseous toxicants from the soil and thus is true for most fumigants. The 
fungi static properties have a broad range of possible reactions. High sensitivity can be found 
in a group of organisms and the low sensitivity for other groups and the same is for the type 
of fungicide. Standard fungicides having a higher level of activity are available and are 
recommended for small uses. The persistance of the pesticide in the soil depends upon the 
physical structure of the soil for e.g., Captane is most stable in silt soil. Precipitation also 
change the nature of the fungicides this is also true for the influence of light. Young mycelia 
are more resistant to fungicides than the old ones. Starving mycelia are more sensitive than 
mycelia in good status. Different types of resting bodies show different sensitivity. 

Angio spermic plants and fungi have many metabolic process in — 

■^coinmon for this reason it is difficult to find out substance with high fungal activity and 
low phytotoxicity it is really useful to charecterise the relation between phytotoxicity and 
fungitoxicity by the so called chemotheraputic index. 

Fungicides are formulated solutions, suspension, emulsion, or dust. Water soluble 
fungicides are not available to some extent. Some of them are rapidly decomposed or ab- 
sorbed to soil. Therefore, it is recommended to use fungicides as soil mixture than »soil 
dreirch. Suspension of the fungicide are retained in the top layer of the soil, where they may 
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iriT f than 

suspensions. Environmental factors which pfffantc r ■ j 

content, light, heat etc. “ngicides are temperature, moisture 

The fungicide has an effect on the fungus metabolism. There toxic effect has not been 
worked out in detail. Thev mav cfffr't r ■ „ ^ 

membranes, develop an oxidation product, 
^result in marked fallen resniratinnc cf„„ a ^ f wui,i, 

p . . , , ^ affect carbon, reductase system 

of Mimm.Inhibit the pectolytic enzvme^ r 

y s, germination of zoospores and mycelial growth 

may be suppressed and there may be similar laraf* nnmk r • 

K Pk k n Aar.,N ^ ^ ^ ^ number of actions as has been mentioned 

by Domsch (1964). 




OiAFTER XL 

INTRODUCTION 


Biological control as defined by Garrett (1956, 65) as “Any condition under which 
or practice where by, survival or activity of a pathogen is reduced through the agency of any 
other living organism (except man himself) with the result that there is reduction in the 
incidence of the disease caused by the pathogen.’Efforts have been made by earlier workers 
to achieve biological control by direct inoculation of a suitable antagionist to the soil or on 
plant surface. Such change in the soil could suppress the pathogen in the soil but this would 
be a very short term control measure as it could alter the soil population for a short duration 
only. Population is the reflection of the habitate thus the author believes that change in 
habitates by making soil amendments with suitable plant residues with or without nittogen 
could serve the purpose better. 

It was realised that persistant active state of antagonist in the soil is of prime impor- 
tance. Therefore, the favourable conditions to let the antagonist come in active state to 
change the soil environment so as to suit the growth and activity of antagonist already present 
in the soil. For such alteration several method as manuring, soil amendments with organic 
plant residues have achieved greater attention.(as such this sub-section was restricted towards 
soil amendments with suitable plant residues green manuring). 



Several pots were filled with 2 kg of air dried and sieved natural soil for each treatment 
. The above plant residues when added at 1% level and completely mixed with the soil in 
addition to the amendments of the pots in each treatment also received NH4N03 at 200 ppm 
to decrease the C.N ratio. Inoculation of the pathogen at 20% was given to the pot in 

the form of sand oatmeal innoculum. Pathogens were added in two different ways. 

1 4 ^ ^ inoculated simultaneously to the plant residue amendments and 

* X incubating the amended soil for 3 weeks under natural con- 

“ ditions. 


Control pots without amendments were run side by side. All the . pots were kept under 
glass house conditions at 26 + 2° C and moisture content was maintained at 50% moisture 
capacity for one month. After these treatments the pots were sown with ginger rhizome 
and observed for disease incidence. The result are given in table XXXVI. 




Plant residues with adhering soil was brought to the lab and was kept i 
bottom flask and shaken on a mechanical wrist action shaker for about 30 
oscillations per minute. Suitable dilutions were made from this suspension i 
fungi and 1 x 10* for bacteria and actinomy cetes. 1 ml of this dilution was 
plates and plated with Peptone Dextrose and Czapecks Dox for fungi . 


OiAPTER XI, II 

BEmiS AND OBSERVATIONS 


A. Pot Experiment: 

In this experiment barley, com, wheat and sugarcane straws were taken for soil amend- 
ments. The affect of these amendments with or without supplemented nitrogen on control 
of ginger rot are given in the Table XXXVI. A perusal of the table indicate that all these 
amendments checked the soft rot of ginger caused by P. aphinadermatum except for sugar- 
cane where the control was not to such an extent as in case of pots where pathogen was 
simultaneously inoculated the disease was more.On the other hand good control of the disease 
was obtained in those pots which were incubated 3 weeks before inoculation of the pathogen. 
This is because micro organism present in the soil took some time to germinate, colonize and 
multiply on plant residues added to the soil after its decomposition. At the same time the 
pathogen when added simultaneously to the soil in active state grew faster and infected the 
host plants before soil microorganism could decompose and develop on the organic amend- 
ments . In amended soil supplemented with nitrogen and incubated for 3 weeks, enough time 
was provided to the soil microorganism to decompose and develop on plant residue in pres- 
ence of freely available nitrogen and multiply on it. When the pathogen at this stage was 
inoculated to the soil the increased population of microorganism inhibited the growth and 
entry of the pathogen in the rhizome of ginger either due to completion or due to excessive 
production of carbondioxide or toxity of nitrogen. The best result on disease control were 
observed against barley straw followed by wheat and corn straw, sugarcane straw was the 
least effected. 

B. Isolation of micro organisms from soil with or without plant residues. : 

During the isolation of the micro organism from the plant residue amended soil fungal, 
bacterial organism and actinomytes were isolated. The percentage occurrence of these 
microorganism was recorded after 3 weeks of soil amendment. The data obtained are given 
in the table XXXVII. The highest percentage of these organism was observed in barley and 
corn straw manifested soil. The anticomycetes and fungi were compared to the fungal 
organism. Among the actinomycetes the percentage occurrence of both of them were good 
. However in bacteria, Pseudomonas species (isolate no. B37) occurred in a good percentage 
occurrence while the other two had a very low percentage occurrence. Among the fungal 
organism . the population of Trichoderma w as the highest followed by AspCTglllttS..tegsas^ 


ASi ni g SI A S t.. candidus and _ PgniClllivim chrisoggnum gave a higher percentage occurrence. 

C. Sfi csening of soil orpanisms apainst P. anhani d ermatum : 

From the results obtained in the table XXXVII it will be clear thatby these soil an^nd- 
ments the population of certain organism have been boosted. The organism isolated during 
such preliminary isolation were subjected to their antagonistic test against P. 
aphani d gmaatTiM The results obtained are given in table XXXVIII. The table includes 22 
organism which were screened against P, aohanidermatum. Out of these 15 showed various 
amount of inhibitory zones. Among these were 1 1 fungi, 2 actino-mycetes and 1 bacteria. 
The most prominent anatagonist were Streptomvces Species (isolate No,. A30 & 311.As- 
pgrgillus tgrrug. A? Candidas, As n iger, Pencill ium chrisogenum. P.funiculQSum. . A few other 
species of A.SP.srgillus.Pencillium and C hetomium also show moderately well antagonism. 
Trichodgrma was found to be parasitic on P. aphanidermatum. This antagonist was fast 
growing thus, over runs the colony of the pathogen before any inhibition zone was observed 
and then the hyphae of Trichoderma coiled around those of P. aphinadeimatum no haustoria 
was observed. 

In the later stage it was found that the contents of the pathogen hyphae were empty. 
Trichoderma sporulates earlier at this place where it had parasitised the hyphae of the host. 
Soil extract medium was used for bacteria and Glucose Asparagin Agar medium was used 
for actinomycetes. Incubation was done at 26° C for fungi & 30° C for bacteria and actino- 
mycetes. After 5-10 days colonies were picked up .Table XXXVII. 

D. Screening of soil organisms against P.aDhanidertnatum 

The organism isolated above were tested against P, aphanidermatum by streak method. 
The pathogen was streaked towards the periphery of the petridish and the test organism was 
streaked at right angle to it. The antagonistic activity was observed by the formation of a 
clear zone of inhibition developed between the pathogen and the test organism. This inhi- 
bition zone was measured with the help of a thin plastic scale. The results are given in the 
table XXXVIII. 
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In this section the various plants residues such as barley,, corn, wheat and sugarcane 
straws were used for soil amendments with or without nitrogen to find out their possible 
utilization as control measures for the soft rot disease of ginger caused by P. aphanidermatum. 
The principle behind this type of biological control was to boost up artificially the natural 
antagonist of the soil and make it unfavourable for the growth of the pathogen. For these 
control experiments residues were added at 1% level and mixed with the soil,. In addition 
half of the pots in each treatment also received NH^NO^ 200 ppm to alter the C:N ratio,. 
Pathogen was added — 

1. Simultaneously with the amendments & 

2. After incubating the amendments for 3 weeks under natural conditions and in 
germinating rhizomes were added . 

The disease incidence is given in the table XXXVI. A perusal of the table indicates 
that all amendments check the growth of pathogens to an appreciable extent. In the series 
where plants were supplemented with nitrogen and pathogen was inoculated simultaneously 
the disease was more sever. On the other hand good control was obtained in which the 
pathogen was inoculated after 3 weeks of incubation. This is due to increased microbial 
activity of the antagonist in the presence of available nitrogen^ and sufficient time for their 
multiplication on the substrate. Addition of nitrogen meets the fertilizer requirement of ginger 
Muralidharan et.al.(1973), (1975) and suppresses the germination of sporangia of Pvthium 
whereby serves better and healthy yield, suppresses the pathogen at the same time boost the 
antagonistic microflora of the soil. 

On the other hand when the pathogen was added simultaneously readily infected the 
host plant before soil antagonist could exert their influence on its activity. The barley, wheat 
straw proved to be the best. These amendments control the disease incidence by making 
available the antagonistic flora. This was confirmed by the author by isolating organisms in 
the presence of these plants residues(table XXXVII^and than by screening them against the 
plant pathogen. P. aphanidermatum (Table XXXVIIl) 

The author observed that the organism which were found in higher frequency had a 
positive antagonistic activity agains t P. aphanidermatum. (fable XXXVII and XXXVIIl) This 
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antagonistic microbial flora and thereby 


es in increasing the antagonistic micro organism they 
lature of the soil. To the author’s mind,this must be one of the factor 
p ession of the disease as during field observation water lodged and 
to be favourable for the disease incidence. - 

IS in tune with those of Rajan & Singh - 

1 detectable population of P.aDhanj^ermflTllTn in soil only when clay 
ilarly soil amendments such as saw dust, bark and other crop residues 
ring has been suggested , tried and found to be effected by many 
of fyiMum rot in nurseries and field cropsL Sanford (1926), Millard 
Davey & Papavizas (196())&ntmyer (1963). The observations were 
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Fungicide are generally chemicals used against soil pathogens. Domsch (1964) New 
Hall(1955) Martin et al(1958) Kretzer &Domsch (1964) have given good information on 
different soil fungicides. Theuse of fungicides in soil is quite different because of their 
hinderence in penetration and at the same time on the above ground parts they act against 
pathogens in more or less a mono culture like conditions. In the soil total micro flora exert 
a positive or negative microflora on the action of the fungicides. These fungicides sometimes 
cause problems. Lockwood (1964)^Newhall (1955), sometimes give unexpected benefits 
Altman (1965)^Collin’s(1965). 

Use of these fungicides is now increasing in various soil diseases. Their effectiveness 
lie on their persistence in the soil during the active stages of the pathogen growth. In soil 
they are generally applied in higher concentration, low concentration is helpful in cases after 
soil treatment with fumigations or steam but such treatments are helpful only in small scale 
cultures or in the glass house studies. As such treatment is not possible in Baruasagar and 
other large areas of Bundhelkhand which are under consideration under present studies. 

The Fungicides are also applied for seed treatments |>efore sowing Kothari 
(1966),Haware,Joshi & Sharma (1973), Sharma & Joshi (1979) and many other workers.Some 
of them have used these fungicides against the post harvest disease of ginger. 

In this study well known fungicides were used for seed and soil treatment. Before 
attempting to use these fungicides the effect of fungicides on the radial growth of the patho- 
gens is also studied. The experiments were planned and performed in the following steps. 

1. Fungicides were studies for their effect on the radial growth of pathogen. 

2. These fungicides were then used in soil to control the diseases under unsterilized 
conditions.3. Preseed treatment of these fungicides and were then sownto study their effects 
on germination and growth of the rhizomes. 






CHAPTER XI.V 
EXPERIMENTS. 

Studies on the Radial growth o f Pathogen : 

Fungicides were mixed with water and then sterilized. Sterilized petriplates were poured 
with the plain PDA to which was added 2 ml of fungicides and mixed by giving a rotatory 
movement. The plates were inoculated with 8 mm disc of the actively growing pathogen in 
the centre. Controldishes were kept without addition of any fungicides.Triplicates were taken 
for each fungicides. These dis^r-es were incubated at 26° C. The diameter of the colony was 
measured after every 24 hrs with a plastic scale for 4 days. 

2. Exaeriment in soil under unsterilize d condition : 

Earthen pots of 2 kg capacity were used. Each pot received 1 kg air dry soil of infected 
area and 4 rhizomes. Requisite quantity of fungicidal solution in water was added to make 
the moisture content 50%. These pots were also placed on troughs with one inch level of 
water. Loss of water if any was added from time to time. Pots with no fungicidal solution 
were run as control. 

3. Experiment with Pre-treatment of seeds : 

Earthen pots of 2 kg capacity containing soil of the infested area were used to grow 
4 seeds (20 such pots were taken for such treatment) in each pot seeds were washed and 
previously soaked in fungicidal solution for 5 minutes. Seeds treated with distilled water were 
grown as control .(Control pot received garden soil). Here pots were irrigated as and when 
necessary. Observations were made from the time of germination to 3 weeks old plants. 
Effects were noted on percentage germination, height of the plant and the •• relative size of 
the leaf and their root system. 
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KESULTiS and observations 

Studies on the radial grft ^ th of nflthnp^^n • 

Before the studies on the radial growth of Eaphanidermatum fun^ridde^s were bio as- 
sayed for their effect on the growth of the pathogen. Forthis 10 fungicides were used, these 
were Cosan, Cuman, Blitane, Brassicol, Blitox.Sultaf, Thiovit, Thiram, Captane, Blimix. All 
these fungicides were used in ,5% concentration in water . During this preliminary screening 

the pathogen was grown in petridish and^steriUzed filter paper disc soaked in fungicides where 
used to see that inhibitory effect. 

Out of these fungicides, 4 fungicides were selected for further studies. These were 
Blitane, Captane, Thiram, & Brassicol. These 4 fungicides were used for their effect on the 
radial growth of the pathogen. Results obtained are given in the table XXXIX. The results 
confum the observation found in the preliminary screening. In this experiment both Thiram 
& Captane produced significant activity.Blitane was next to Thiram and Captane for its in- 
hibitoiy effect and Brassicol did not produce any effect, the pathogen grew normal as grow- 
ing in control. 

2. Control experiment in soil: 

In this experiment Thiram & Captane were used to control the soft rot of ginger caused 
hyJP.aphfflidgimatum . The concentration selected for these fungicides were 1% for Thiram 
and .5 % for Captane. These two concentration were thought to be suitable under natural 
conditions. Among these two fungicides used Thiram was found to be more effective and 
gave 73-75% control, while in Captane 65-68% control was observed which is shown in table 
XL. They could have produced better results if used in higher concentrations. But higher 
concentration was thought to be toxic to the crop root and was not used. The soil when 
plated in Thiram,infested soil,showed the presence of Trichoderma viride. 

This indicates that Thiram also stimulated the active antagonist . From the above result, 
it could be said that Thiram and Captane could give a fair suppression on the soft rot of 
ginger and could be an effective control if used under field conditions. 

3. £i:.e.-.iS££ii..k£atnieol: 

In this experiment the same two fungicides used in the above experiment were studied. 
The two fungicides used above were Thiram in the concentration of .5% and .25%, and 
Captane in a concentration of .25% and ,125%. The percentage germination of seed was 
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observed and tabulated in the table XLI. The results show that for seed treatment Thiram 
gave good results in .5% concentration and Captane in .25% concentration. Lower concen- 
of both the fungicides were also effective, but less effective as compared to the higher 
concentration. Thiram was more effective than Captane as it gave 81.2% germination as 

compared to Captane which gave 77.5% germination. Control experiments using garden soil 
gave 88.8% germination. 
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Fungicides with higher efficiency were tested to give chemical control against soft rot 
of ginger. Before using these fungicides, screening was observed in bio assay experiments 
using filter paper disc and then radial growth of pathogen was observed on the most effective 
fungicides. 



* ^ 


10 fungicides were bio assayed, out of these 3 gave significant activity. These were 
Blitane, Captane and Thiram. These to gather with Brassicol were further used for the 
radial growth of pathogen. Observation on the radial growth after every 24hrs to 4 days are 
given in the table XXXIX. A perusal of the table indicate that Captane and Thiram were more 
effective in which the pathogen could not at all develop. 


tive tuneicK 


The above experiment indicated that Blitane, Captane and Thiram gave good results. 
Out of these Thiram and Captane were used for further experiments as they gave best results. 
The concentration used for soil experiments was 1% for Thiram and . 5 % for Captane .Thiram 
gave 75% germination while Captane gave 68% germination when used in infested soil. 
When used in lab infested P.aphanidermatum soil Thiram gave 73% germination and Captane 
gave 65% germination. These results are quite encouraging when compared to the control 
in which garden soil was used and 90% germination was obtained.(Table XL) In this experi- 
ment the concentration used for Thiram and Captane showed slight toxic effect and therefore 
in the Pre seed treatment experiments concentration is further reduced. 


In this experiment again only two fungicides Thiram and Captane were used. Twenty 
pots having 4 seeds each was studied for each treatment. Thiram gave better results than 
Captane and .5% concentration of Thiram gave better results than its .25% while Captane 
in .25% concentration gave better control as compared to its .125% concentration. (Table 
XLI^ Thiram and Captane both can be recommended of the seed treatment and soil treatntent 
in .5% and .25% concentration . In field soil drenches could be dug in between the lines of 
ginger cultivation and these fungicides could be applied. Thinun was used for soil drenches 
and rhizome treatment by Kothari (1966) He also observed similar degree of control 
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m wab uobcrvea oy me aiimor, in control experimenis the garden soil was used. Tic disease 

does not appear and 90% germination was obtained, which was due to the fact that ginger 
was grown in garden soil for the first time and there was no in-oculum potential pre existing 
in such soil. This observation of the author also points towards the soil dwelling nature of 


Thiram persist in soil for a short period of time and Captane persist for 92 days . 
Tammen et.al.(1961). This shows that in soil Captane will give better results for a longer 
period of time-However, in the present studies where the % germination and disease inci- 
dence was noted for 3 weeks time Thiram gave better results as compared to Captane. The 



results obtained by the author by using Captane were similar to those found by Scheffer and 
Haney (1956). Hendrix and Campbell have even suggested that Thiram and Captane mixture 


have given excellent control 


The over all control measure suggested that the following step could help the cultivation 
of disease free ginger crop. 


Fresh healthy and disease free rhizomes should be sown for ginger cultivation. 



The seed rhizome should be given minimum cut ends as they help in colonization of 
the pathogen. Fungicides like Thiram .5% and Captane .25% should be used for seed treat- 
ment before sowing. Deep summer ploughing should be practiced as it reduces the inoculum 
of the soil and water logging. 

Continuous crop in the same field should be avoided as it develops inoculum in the soil. 
When ever possible use some other rotational field crop. 

Plant residues before sowing in such fields should be added with biological control and 
will avoid the use of fungicides. 

Sick soil previously croped with ginger must receive some, amendments like 
barley,wheat, com straw, to boost up the antagonistic micro organism and to alter the physical 
nature of the soil. 


In the sick fields the fungicides/Thiram and Captane should be used in .5% and -25% 
solution in water poured in drenches first at the time of sowing and second 15 days after 
to keep the fungicidal activity and 3rd should be done if the disease is observed further. 

The sowing should be in the third or fourth week of June i.e. before rain. Late sowing 
delays germination and make them vulnerable to infection due to rains. 

A strong antagonist Trichoderma - mav be used to control the disease by either inocu- 
lating it or increasing the antagonist by inducing organic amendments. 
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PATHOGENKTS 




Soft rot of ginger has been reported much earlier by Butler (1907) then by many other 
workers from various parts of India. Subramaniam (1919) Kothaii (1966) Haware & Joshi 
(1972) Indrasenan & Paily (1973). But it appeared in an very epedimic form in the 1 

Bundelkhand region nearby Jhansi Division. The loss has been found by the author to be | 

nearing about 80% of the annual yield of ginger. During the isolation studies the author ; 

isolated Pythi um aphanidcrmatum (Edsonl Fitz from infected rhizomes. Symptoms appeared 
first on leaves followed by paleness at the basal portion the rhizome showing destruction of 
parenchymatous tissues and finally exudation of watery mass , lateral roots also rotten and 
soften.The disease was noticed to be more abundant on water logged situation where clay | 

I 

fractions was more. These observations were similar to those observed by Rajan & Singh 
(1973).The author isolated the pathogem on PDA, PDA with piramycin and vancomycin. The 
same organism causing soft rot was also isolated by Shahare & Asthana (1962) Park (1934, 

41) Indrasenan & Paily (1973) . Pathogenisity experiments were performed by the author j 

in culture tubes and in soil under sterilized as well as unsterilized conditions. Results of these 
experiments are given in Table I. The author observed that freshly developed rhizomes were 
more suspectible to infection as compared to the old ones.80% of the fresh rhizomes showed 
disease incidence after 5 days inoculation while it was only 15% disease incident on old 
rhizomes. However the percentage of disease incidence increase after 8 days of incubation. 

Glass jar experiments with sterilized and unsterilized conditions (Table II) confirm the culture 

tube experiments. It was also observed that pricked ihizon^s gave better results as compared j 

to unpricked ones. These observations are also in confirmity to those of the above workers. 


To study the effect of culture media on the growth of the pathogen , Potato 
Dextrose,Peptone Dextrose, Czapecks Dox, Glucose Asparagintand Richards media were 
used. The experiment were used on broth as well as on solid media and results are given 
in Table HI. The dry mycelial weight on PD , Czapecks Dox, Peptone Dextrose and Glucose 
Asparagin were 295, 130, 90 and 5 mg respectively . In solid media radial growth was 
recorded after every 24 hrs to 72 hrs. and was incubated after 0, 24, & 48 hrs. Results are 
given in Table IV and Fig. I,II & III. The growth pattern shows that with the increase in the 
incubation period before inoculation the growth slowed down.It was fastest in PDA 
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followed by Czapecks Dox and Peptone Dcxtrose.Pathogens behaviour towards the 
incubation temperature of 15“ C, 25° C, 35° C, 45° C was studied. The results obtained are 
given in table VI and Fig.IV. It was found that optimum growth was observed at 25° C and 
m wimum around 45° C. The optimum temperature was low on liquid medium as compared 
to the agar medium. 

C:N ratio was altered and the effect was observed on the growth of P.aphanidermatnm . 
The experiment was conducted on Czapecks dox medium in which during one set of experi- 
ment NaN03 was kept constant and Sucrose was changed i.e., 15gm, 30 gm & 45 gms/litre , 
in other set sucrose was kept constant and NaN03 was changed i.e., Ig, 2gms & 3gms 
respectively. The optimum growth was obtained in the medium with 2gm/litre NaN03 and 
30gm/litre sucroseljable V and Fig. vj when the concentration of the nitrate was increased 
or sucrose was decreased the growth decreased. Such observations also collates with the 
results observed by Agnihotri & Vaartaja (1967), Sen & Shrivastava (1968). 

The age of culture has been found to be an important factor in the disease incidence. 
During its study as observed in Table VII cultures were raised and inoculated after 3,5 & 

8 days respectively. 3 days old culture was found to be most effective and caused 75% 
disease. The disease incidence lowered as the culture grew old ,with 8 day old culture only 
30% loss was observed. Indrasenan & Paily’s (1973) experiment gave max. infection in 2 
days old culture. The age of the rhizome was similarly found to be effective. The observation 
can be made from table I, II & VI. This showed freshly developed rhizomes and buds are 
more suceptible to infection as compared to old and mature rhizomes. .pa 
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SECTIOIi.:^ 

In this part both pectic and cellulolytic enzymes developed by P. aphanidermatum has 
been studied in vivo^ on healthy and diseased tissues^and in vitro under different cultural 
condition, and in presence of growth regulators and fungicides. In Section “A” pectic 
enzymes we^xestudied which was divided in 3 subsection. Sub-section “a” comprises of M 
vivo study of pectic enzymesin healthy as well as P. a phanidermatum infected rhizomes. In 
healthy rhizomes four pectic^^were present namely PG, PMG PGTE & PMTE. However slight 
activity of PME was also observed. The observations are given in the Table VIII - XIII and 
Fig. VI - XIII. PG was found to be more active than compared to the others . PG activity 
in healthy fruits like Papaya is also found by Rai (1971). During the study for p«:tic enzymes 
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in diseased rhizomes all the 6 enzymes studied were found to be present. The diseased tissues 
showed greater enzyme activity as compared to the healthy tissue. Such higher degree of 
pectolytic enzyme in diseased tissue has also been observed by Ali (1970) Rai (1971), 

Kretzer (1951) Bateman & Millar (1966) Indrasenan & Paily (1982). The observations 
of Winstead & Me Comb (1961) also point to the same conclusions. Protopectinase , PG 
and PME showed a higher activity after 5 days of incubation as compared to 10 days of 
incubation . However, Enzyme activity of PMG, PMTE and PGTE was higher on 10 days 
of incubation as compared to 5 days of incubation. This shows that glycosidases are more 
active than trans eliminases during pathogenesis. 


'Tlie In,. .vitro studies of P. aphanidermatum were carried out for Protopectinase , PME, 
PG, PMG, PGTE and PMTE on Potato Dextrose, Czapecks Dox, Peptone and Glucose 
Asparagin media. Datas are recorded in the table XIV - XVIII.and Figure XIV - XXIX ,for 
5 days and 10 days of incubation.The result show that activity of these enzymes were variable. 
Protopectinase was more in 5 days of incubation as compared to 10 days. Maximum activity 
was recorded on Potato Dextrose followed by Czapecks Dox j . Peptone Dextrose and 
Glucose Asparagin media. No PME activity was observed in culture filtrates either after 5 
days or 10 days of incubation. These observations of the author are similar to those of 
Winstead and Me Comb (1961) and Indrasenan & Paily’s (1982) . PG activity was found 
to be maximum on Glucose Asparagin and Peptone Dextrose media followed by Czapecks 
Dox. Least activity was in Potato Dextrose media. The activity was more after 5 days of 
incubation as compared to 10 days except in Glucose Asparagin where more activity was 
found after 10 days of incubation. These observations are similar to Indrasenan and 
Paily(1982). However they noticed maximum activity on Conn’s medium. PMG activity was 
found to be favoured most in Czapecks Dox after 5days of incubation and in Glucose 
Asparagin after 10 days, with regards to trans-eliminases. Glucose Asparagin produce 
maximum PGTE followed by Peptone Dextrose. Here the activity was higher in 10 days of 
incubation as compared to 5 days. PMTE production was also found to be maximum in 
Glucose Asparagin followed by Czapecks Dox and Peptone Dextrose. Here again, 10 days 
of incubation gave better enzyme activity as compared to 5 days incubation period. These 
results show that the enzyme vary in activity with reference to various media used for cultural 
studies. On the basis of these results no definite conclusions - 



- could be derived as far as media is concerned because a number of factors and mecha- 
nisms are involved simultaneously in the secretion of enzynres. However, it can be mentioned 
that 10 days incubation could be concerned to be optimum for trans eliminase activity and 


5 days for glycosidascs. Mycelial growth during the observations were found to be in varying 
degrees in various filtrates and there can be no correlation between the mycelial growth and 
the enzyme production, Indrasenan & Paily (1982) Ali (1970) and Rai (1971) also had similar 
observations. 

During the study on the cultural conditions the effect of pH on pectic enzymes pro- 
duction was analysed and it was found that glycosidascs favour the acidic pH while the 
alkaline pH supported the trans eliminases. Thus pH can be said to be playing a significant 
role in the production of pectic enzymes by P. aphanidermatum as shown in Tables XIX - 
XXII. and fig XXX - XXXVII Glycosidascs gave an optimum value at pH 5 and trans 
eliminases at pH 8. 

The iH.Yilyo production of pectic enzyme was studied in the presence of growth regu- 
lators and fungicides. 5 growth regulators Indole Acetic Acid, Indole Butyric Acid, Indole 
Propionic Acid, Gibberellic acid and Kinetin were used in a concentration of 10 ppm while 
among fungicides Thiram, Brassicol, Blitane, and Captane were used in . 5 % concentration. 
Both were added to Glucose Asparagin medium. The results were observed after 5 days of 
incubation period and are given in Table XXIII to XXVI. fig. XXXVII - XLV . 


K 



The results obtained show that all the five growth regulators caused varying degree of 
inhibitory effect on the various pectic enzymes. The PMG and PMTE were more adversely 
effected than PG and PGTE. The synthesis of PG was strongly suppressed by IPA & Kinetin. 
PMG was most adversely effected by Kinetin and IPA. lAA was least affected in this case. 
In case of PGTE Gibberellic acid and Kinetin caused a greater inhibition of enzyme synthesis. 
PMTE was however more strongly suppressed by IBA followed by Gibberellin . lAA was 
least effective. Here again no correlation could be drawn as regard to the fungal growth and 
pectic enzyme secretion in the presence of various growth regulators . Conclusively Kinetin 
and Gibberellic Acid were more affected than the others in reducing the pectic enzyme se- 
cretion. Bateman (1966) has attributed plant disease control of some of these hormones . 
The mechanism of their involvement in reducing the enzyme synthesis is not clearly under- 
stood but it could be suggested that these growth regulators could act as an effective con- 
trolling agent during pathogenesis. 


The results obtained from the Table XXVII - XXX and Fig. XLVI - Lin,the affect 
of fungicides on pectic enzyme production could be studied. The polygalactonase enzyme 
is strongly suppressed by Thiram and Captane. Regarding trans eliminasc enzyme PMTE was 
also significantly affected by both Thiram and Captane. However for PGTE , Thiram was 
more effective as compared to Captane. Conclusively ,it can be said that both Thiram and 
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Captane were most effective in reducing the enzyme production. Similar inhibitions of pectic 
enzymes by various fungicides have also been reported by Grover & Moore (1962) & Grover 
(1964). 


SECTION B 

In this section cellulolytic enzymes were studied in vivo and in vitro , under various 
cultural conditions of media, incubation, and pH in presence of growth regulators and fun- 
gicides. 

During the in vivo studies of healthy and P.aphinadermatum infected rhizomes, the 
cellulase activity in diseased rhizome was found to be slightly higher than the fresh rhizomes 
^ ^ after 5 days of infection. As the infection period increased for 10 days cellulase activity 

increased (Table XXXI Fig. LIV & LV). This indicates that cellulase enzymes are involved 
in pathogenesis. Bateman (1964) has also recorded the presence of cellulase activity during 
pathogentsts. Similar observations was also recorded by Rai (1971). 

The effect of different culture media on the production of cellulase by L, 
a phanidermatum has been given in the table XXXII fig.LVI - LIX . The cellulase production 
was variously favoured by different culture media. 


i 


i- 



The amount of activity varied with the incubation period. Glucose Asparagin was most 
favourable followed by Peptone Dextrose, Czapecks Dox and Potato Dextrose wets least 
favoured. Ali (1970) and Rai (1971) found very little cellulase activity on PDA . When the 
incubation period was increased from 5 to 10 days the enzyme production increased in 
Glucose Asparagin and Potato Dextrose while in Czapecks Dox and Peptone Dextrose the 
enzyme activity was almost the same and was not much affected by increasing the incubation 
period. Mycelial growth during these observations was found to be maximum on PDA and 
minimum on Glucose Asparagin . Thus no correlation between enzyme production and 
mycelial growth could be drawn. 


For the study of effect of pH on cellulase production Glucose Asparagin media was used 
and as it gave more activity after 10 days of incubation, the observation for variable pH was 
also done on 10 days old culture. From the result shown in the Table XXXIII , Fig. LX & 
LXI it was observed that optimum cellulase activity was there at pH4 and the favourable 
range was between 3-5 . No cellulolytic activity was found below pH3,and above pH5 
cellulase activity progressively decrease from pH5 -pH8.§imilar results were obtained by Ali 
(1970) Rai (1971) and Rees (1965). 




During the invitro studjeson cellulolytic^n the presence of growth regulators and fun- 
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gicides it was observed that both were reducing cclluiase activity .Table XXXIV & 
XXXV.Fig. LXII - LXV. The datas shown in table XXXIV indicate that all the 5 growth 
regulators reduce the cellulase production. Maximum reduction was found with 

IB A : . followed by Gibberellic acid and Kinetin . Indole acetic^showed the least inhibitory 
effect. During the course of study of cclluiase it was also found by the that a fair amount 
of growth of E-aphanidermatum occurred . It appears that the toxic effect of these regulators 
were less pronounced on the mycelial growth as compared to the cellulase production. 

Fungicides reduce considerably cellulase enzyme production as is evident from the data 
recorded from the table XXXV. From these datas it will be clear that all the fungicides very 
effectively reduce the cellulase production. Maximum inhibitory effect was found with Thiram 
and Captane followed by Blitane and Brassicol. Very slight mycelial growth was obtained 
in Thiram and Captane. Brassicol was not all toxic for the mycelial growth however it sig- 
nificantly reduce the cellulase production. From these results it was observed that fungicides 
were more effected as compared to the growth regulators in reducing the mycelial growth 
as well as enzyme production o f P. aphanidermatum. Therefore fungicides were considered 
for the detailed control measures experiments in the succeeding part of the present study . 


In this section various plant residues such^Barley, Corn , Wheat and Sugarcane straw 
were used with and without nitrogen to find out a possible role in controlling soft rot of 
ginger caused by . aphanidermatum. The principle behind^to boost up the natural antagonists 
present in the soil . Residue were added at 1% level and half of the pot in each treatment 
received NH4N03 at 200 ppm concentration. Pathogen was added simultaneously with 
the amendments after incubating the amendments for 3 weeks under natural conditions. The 
disease incidence are recorded in the table XXXVI. The results indicate check to the disease 
to an appreciable extent. The disease was more severe when nitrogen and pathogen were 
added simultaneously. On the other hand a control was obtained when pathogen was inocu- 
lated after 3 weeks of incubation. This is due to the fact that microbial activity of the an- 
tagonist increase in the presence of nitrogen and had sufficient time for multiplication on the 
substrate. On the other hand when the pathogen were added simultaneously the pathogen 
develoj^ r and infected the host plant before soil antagonisfecould exert th4>influ- 

ence. Barley and Wheat proved to be the best while Sugarcane was the least effective in 
controlling the disease incidence. This observation was confirmed by the observation in the 
next experiment conducted to isolate the organisms present on the plant residues in the Table 
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XXXVII . In a next experiment the author screened the microorganisms obtained in table 
XXXVII against the plant pathogen. The results of the antagonistic screening experiments 
in Table XXXVIII show that the organisms which were found to be in higher frequency in 
the isolation experiments,(Table XXXVII^ave a positive antagonistic activity. This itself 
proves that these residues harbour the antagonistic microflora and there by contributed 
significantly for the control Trichoderma was found to be parasitic on P. aphanidermatum 
over ^ the colony of the pathogen coiled around them and sporulared earlier at these places. 
The hyphae o f_E.-aphanidermatum were found to be - 

- empty at these places however, no haustorial structures were recorded. 

Apart from the role of these residues vn increasing the antagonistic microflora they 
alter the physical nature of the soil and at the same time add the nutrients in the soil. These 
factors must also be considered as alteration of physical condition from water lodged to 
aerated soil makes it unfavourable for the growth of P. aphanidermatum . This observation 
of the author is also similar to those observed by Rajan & Singh (1973). Addition of organic 
fertilizenhave also been suggested to increase ginger yield by Muralidharan et al (1973) . 
The suppression of sporangial germination of Pythium by nitrogen has also been reported 
by Muralidharan et al (1973). 

Such amendments has also been used to control the root rot disease of field cropsWi^ 
Sanford (1926)jMillard (1927),Fellowe (1929),Davey & Papaviazas(1960)^entemyer 
(1963). 

SECTION - B 

In this section control with fungicides have been tried for the disease incidence on 
ginger rhizome by P. aphanidermatum . 10 fungicides were bio assayed for inhibitory effect 
on the growth of P. aphanidermatum out of these Blitane, Captane, &Thiram, significantly 
affected the growth of the pathogen. These fungicides together with the Brassicol was further 
used for their effect on the radial growth of the pathogen. Results of these are given in Table 
XXXIX. The table indicated that Captane and Thiram both were most active in which the 
pathogen could not develop at all. Control experiments were carried out in earthen pots of 
2 kg capacity in which the Thiram and Captane were added to the soil . Captane was added 
in the .5% concentration and Thiram in 1% concentration were added to the infested area 
soil. The results obtained in this experiment are given in table XL. These results show that 
Thiram gave 75% germination while Captane gave 65% germination when used in infested 
field soil. When these fungicides were used with lab infested P. a phanidermatum . Thiram 
gave 75% germination and Captane gave 68% germination. These results were quite encour- 
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aging when compared ,o .he conmrl in which ganlen soil was used . In this conpol experi- 
germination were obained diis was due to the fact that ginger was grown in the 
^den sod tor the firs, time and dtere was no innoculum potential pre-existing in such soil, 
ts observatton also points towards the soil dwelling nature of E aDhinaderm.a„,m 

The next experiment was conducted to see the effective role of these fungicides when 
1 ^ treated before sowing. 20 pots having 4 seeds each were studied for such treatments. 

tram gave better results than Captane. The observations were conducted in .5% and 25% 
concennadon forThiram and .25 and .125% concennadon for Capmne. The resulu obteined 
^ given in table XU. From these results Thiram and Captene both can be recommended 
for pre seed teeamtent and soil teeatmen. a. .5% and .25% concenoatiot. In the fields for 
use of these fungicides soil drenches could be dug between the lines of cultivation and 
can^apphed at the time of sowing and repeated after 15 days, Fouv-ll.-sWi,, u. 
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